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CORPORATIO 


INTRODUCTION 
ILC Data Device Corporation (DDC) is a leading manufac- 


turer of data conversion and MIL-STD-1553 data bus © 


products including monolithic components, computer inter- 
faces, instrumentation, power hybrid circuits, and solid- 
state power controllers. Headquartered in Bohemia, Long 
Island, New York, DDC occupies 166,000 square feet in the 
Airport International Plaza. A recent addition is a 27,500 
square foot design and manufacturing facility in Ireland. 


FACILITIES AND CAPABILITIES 
DDC has one of the most 
modern thick- and thin-film 
hybrid manufacturing 
operations in the industry. 
Our quality system is in com- 
pliance with MIL-I-45208A, 
MIL-H-38534A, MIL-STD- ) 
883C, MIL-STD-1772, and 5 
MIL-STD-45662A. We are 

qualified as a QPL supplier of SEM (U.S. Navy Standard 
Electronic Modules) products to MIL-M-28787 and have 
provided equipment meeting the high-reliability levels re- 
quired for manned space flight. 


DDC is listed on the first Qualified Manufacturers’ List (QML) 
for Custom Hybrid Microcircuits under MIL-H-38534A. To 
obtain the QML status, DDC was certified and qualified by 
DESC. To achieve this distinction, DDC’s facility including 
equipment, work instructions, documentation, revision con- 
trol system, and personnel training were audited, certified, 
and qualified under the provisions of MIL-STD-1772. 


DDC’s Engineering Division is made up of a highly-special- 
ized staff that engages in state-of-the-art analog and digital 
circuit design. Their capabilities include the design of: 
monolithic components, thick- and thin-film data-conver- 
sion hybrids, power hybrids, solid-state power controllers, 
computer interfaces, and test equipment. An extensive 
model shop is used for pilot production and experimental 
work. 


DDC BACKGROUND 

[LC Data Device Corporation was incorporated in 1964 as a 
supplier of high performance operational amplifiers. From 
its inception, emphasis has been place on state-of-the-art, 


high-quality data and signal conversion components and 
systems. In 1971 DDC was acquired by ILC Industries, sole 
supplier of the Apollo, Skylab, and Shuttle space suits. 
Since the acquisition, DDC has accelerated its progress in 
the data conversion field and today is the leading supplier 
of synchro conversion devices and MIL-STD-1553 equip- 
ment and is a dominant supplier of high-performance A/D 
and D/A conversion equipment. DDC’s present capability 
includes diversification in the design and production of 
high-quality discrete and hybrid data conversion com- 
ponents and systems. This diversity in conjunction with 
research proficiency, manufacturing expertise, and strong 
customer support is responsible for DDC’s recognized 
reputation for excellence. 


DDC is conveniently located next to Long Island MacArthur 
Airport, which offers both non-stop service to most major 
east coast cities and convenient transportation to-and-from 
the two New York City airports. 


HOW TO USE THIS CATALOG 

DDC’s Data Conversion Product Catalog is organized into 
fourteen sections labeled A through N. The Table of Con- 
tents identifies each section and lists the page number for 
each product. Each section contains a Product Summary 
Table that gives a brief description of the features of each 
product. Where useful, technical and application infor- 
mation have been included in the sections. Each product 
is described in an individual data sheet with all electrical and 
mechanical information included. 


To locate a specific part number use the Product Index on 
the inside back cover to locate the page number of the 
desired part. 


To locate a specific type of converter product use the 
Product Section thumb index on the first page to lead you 
to the desired section. The Product Summary Table will then 
guide you to the product(s) best serving your needs. 


If you still have questions after reading this catalog, we invite 
you to contact our highly-trained factory Application En- 
gineering staff or one of our Field Sales Representatives. 


To locate a DDC office near you, refer to the back cover 
of this catalog. 


A listing of Application Notes available from DDC can be 
found on the last page of this catalog. 


DDC’S extensive product line, 
(samples shown at left) ranges 
from hybrid microcircuits 
through printed circuit as- 
semblies and complex 
microprocessor based instru- 
ments. 


SALE OFFICES 

DDC maintains domestic 
regional sale offices in California, 
Virginia, and New Jersey. Inter- 
national offices are maintained in 
England, France, Germany, 
Sweden, and Japan. A Sales 
Representative force covers the 
rest of the United States, 
Canada, Western Europe, and 
the Far and Middle East. 
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CAPABILITIES 


ENGINEERING 


DDC has a staff of highly-specialized engineers whose state- 
of-the-art design capabilities include: analog and digital 
circuits, computer interfaces, instrumentation, data conver- 
sion systems and thick- and thin-film hybrid design and 
packaging. Fundamental to DDC’s leadership position in 
data conversion and MIL-STD-1553 data bus electronics is 
a fully-equipped engineering department that designs 
proprietary products, custom electronics, subsystems, and 
systems. Development and fabrication capabilities include 
two model shops (thick-film hybrid and discrete) plus a 
fully-equipped laboratory. A modern design and drafting 
department includes extensive CAD (Computer Aided 
Design) facilities. Approximately 25 percent of DDC is dedi- 
cated to engineering, an exceptionally high percentage for 
a manufacturing company. In addition, the percentage of 
our employees involved in engineering is very high, reflect- 
ing DDC’s dedication to stringent-performance, high- 
reliability programs requiring specialized engineering 
talents. 


Capabilities of the Engineering Department include: initial 
design, breadboard fabrication and testing, prototype as- 
sembly and evaluation, system and subsystem design, and 
a pilot production fabrication and testing capability of 
several million dollars annually. Maintaining two model 
shops (thick-film hybrid and discrete) yields a quick reaction 
capability for deliverable products, and allows product 
evaluation and development with minimal impact upon a 
continuous production line. New designs and products can 
be thoroughly tested prior to release to manufacturing. 


Design and drafting facilities, including CAD, in a well lit, 
open area permits DDC to do its own original artwork for 
printed circuit boards, thick- and thin-film hybrids, and 
monolithics in addition to the normal product engineering 
and drafting requirements the electronics industry 
demands. A full documentation system is in place along 
with reproduction facilities, which use both ozalid and 
xerography for print duplication and distribution. With the 
use of a microfilm system, DDC has access to a complete 
range of military, industrial, and commercial standards, 
specifications, and handbooks. 


iv 


PRODUCT ASSURANCE AND QUALITY CONTROL 
At DDC, the Product Assurance function is headed by a 
Vice-President. He has sole responsibility for Product As- 
surance and reports directly to the President. This ensures 
independent actions, maintaining quality, reliability, and 
maintainability of DDC’s products. 


MIL-STDS-1772 AND 883 


DDC’s concern for quality starts at the proposal stage, with 
a thorough review of specifications and drawings, to estab- 
lish work instructions and Product Assurance Plans. These 
plans assure proper monitoring throughout all stages of 
design, fabrication, and test. The DDC quality system com- 
plies with MIL-Il-45208A, MIL-H-38534A, MIL-STD-883C, 
MIL-STD-1772, MIL-STD-45662A, and DDC’s Product As- 
surance Manual. In the hybrid manufacturing area, 
specifications MIL-H-38534A and MIL-STD-883 establish 
workmanship standards. In the discrete manufacturing 
area, standards are set with MIL-STD-454 and MIL-STD-275. 
The calibration system is based upon MIL-STD-45662A. 


The Reliability Programs employed by DDC are based on 
the requirements of MIL-STD-785, MIL-STD-781, and MIL- 
HDBK-217. DDC’s complete product line - tried and proven 
components - can be presented in a Hi-Rel configuration 
and be integrated into a design for a Hi-Rel system. The 
Maintainability Programs employed by DDC are structured 
in accordance with the requirements of MIL-STD-470, MIL- 
STD-471, and MIL-HDBK-472. Both the maintainability and 
reliability functions are integrated with the design as well as 
manufacturing tasks to ensure a total system approach to 
product assurance. 


DDC maintains a product assurance evaluation laboratory 
to: evaluate incoming materials, investigate manufacturing 
problems, support engineering studies, and perform 
detailed failure analysis. The laboratory is staffed with 
Quality Assurance professionals and contains the following 
state-of-the-art equipment: 


Scanning Electron Microscope (SEM). With SEM, DDC 
engineers can examine surface structure up to 200,000 
times magnifications. 


ispersi - With an 
EDAX attached to the SEM, the identification of chemical 
elements that may cause reliability problems in the hybrid 
is possible. The EDAX is especially valuable for incoming 
inspection and failure analysis studies. 


MANUFACTURING 

DDC’s manufacturing capabilities are subdivided into the 
unique areas in which the company specializes. Ap- 
proximately 35,000 square feet are dedicated to the 
manufacture of discrete components, harnesses, and as- 


semblies; an additional 25,000 square feet are set aside for 
a clean, modern, environmentally controlled, thick-film 
hybrid area. Each, of these areas, is managed by an 
individual team of specialist, under the direction of a single 
Vice-President of Manufacturing. In addition 8,000 square 
feet are dedicated to the Material Control and Purchasing 
departments to assure an orderly flow of material onto the 
production lines. The Material Control Department also 
services Engineering’s needs; Engineering maintains its 
own separate purchasing and expediting functions, mini- 
mizing the impact on the scheduled flow of manufactured 
products. 


DDC is a leader in the field of military, high reliability, data 
conversion components, subsystems, and systems. DDC’s 
Manufacturing expertise has been approved by most of 
America's leading aerospace companies as compliant to 
MIL-l-45208A and has also been certified by the U.S. Navy 
as a SEM (Standard Equipment Module) facility. 


EQUIPMENT 

DDC’s capital equipment in its hybrid production facility 
includes: many ultrasonic and thermocompression wire 
bonders, epoxy and eutectic die-attach equipment. 
Machinery for these functions is the most modern type 
available and is updated regularly. 


DDC used multizone belt furnaces for the deposition and 
firing of conductive and resistive substrate materials and 
manufactures its own substrate screens. Each hybrid 
Operator and hybrid inspector is provided with the latest 
type stereoscopic and/or zoom microscopes to assure the 
proper placement and performance of the hybrid com- 
ponent parts. In addition, DDC’s Quality Assurance Depart- 
ment possesses a unique lenseless microscope for 
inspection purposes, plus centrifuge, gross and fine leak 
testing, photographic examination, and PIND equipment. 


DDC’s Engineering Model Shop contains a representative 
sampling of each of the above-mentioned pieces of equip- 
ment. This insures that prototype quantities are fabricated 
on equipment identical to the ones used in the production 
process. 


TESTING 

Testing facilities at DDC include state-of-the-art DVMs, oscil- 
loscopes, signal generators, and other related test equip- 
ment. Automatic and semi-automatic computer test stations 
are used continuously to check individual components, 
subassemblies, and fully integrated systems. Since the 
Engineering Department’s equipment reflects that used in 
Manufacturing, all Engineering evaluations and investiga- 
tions are consistent with procedures used in the actual 
manufacturing process. 


Temperature chambers are used for the burn-in and 
temperature testing of finished products. A fully-equipped 
component test facility under the direction of our Quality 
Assurance Department is used for characterizing, testing, 
and evaluation all incoming component parts to be used in 
DDC’s products. Also, a Lorlan computer-aided transistor 
and diode test machine is used for incoming inspection and 
grading purposes. The Component Test Department tests 
all custom semiconductor wafers or chips either by probing 
or by mounting on test substrate and in test headers for full 
characterization and evaluation. 


TEST METHODS FOR DISCRETE MODULES 
Discrete modules meet the specific test methods and con- 
ditions of MIL-STD-202 (shown below) unless alternative 
methods are specified by the customer in procurement 
documentation. 


MIL-STD-202 TEST METHODS 
COMMENT 


METHOD 


*When conformally coated on PC board. 
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SALES AND MARKETING 
DDC maintains a world-wide network of technical sales 
representatives and direct sales personnel to service its 
customers. Due to the high performance of DDC’s product, 
most of this field organization consists of graduate en- 
gineers. An Applications Engineering staff offers profes- 
sional applications assistance and detailed technical 
information. 


DDC is frequently asked to modify its standard products to 
meet specific customer requirements for performance, 
quality, and configuration control. Our factory Applications 
Engineering staff is prepared to take individual customer 
request and translate them into documentation for engineer- 
ing design, product manufacturing, and quality assurance. 


Customer support, in the form of catalogs, product data 
sheets, application notes, and price lists is provided by 
DDC’s Marketing staff in Bohemia. 


SECTION A 
ANALOG TO DIGITAL (A/D) CONVERTERS 


PRODUCT SUMMARY TABLE 


CONVERSION | LINEARITY OPERATING POWER DESCRIPTION 
MODEL RESOLUTION TIME ERROR TEMP. RANGE | DISSIPATION FEATURES 


100 nsec +0.025% | 46 Pin Plug-in | -55°C to +125°C 7W 10 MHz word rate, 
FSR Hybrid containing T/H, A/D 
1.6 x 2.4 x 0.2" converter, data 
registers, Tri-State 
output registers, and 
timing circuits. 


200 nsec +1/2LSB |5.0x5.43x0.5"| 0°C to +70°C 7.25 W 5 MHz word rate, 
Card 


containing T/H, A/D 
converter, data 
ADC-00145 +1LSB | 40PinTDIP | -55°C to +125°C 2.9W 
1.1.x 2.1 x0.25" 
ADC-00300 500 nsec +0.012% 40 Pin TDIP -55°C to +125°C 3W 
ADC-00302 FSR 40 Pin Flatpack 
1.2 x 2.2 x 0.25" 


registers, Tri-State 
output registers, and 
timing circuits. 
ADC-00305i 500 nsec +0.012% | 40PinTDIP | 0°Cto+ 70°C 2.6W 
FSR Hybrid 
200 nsec +0.012% | 40Pin TDIP | 0°Cto+70°C 2.6W 
FSR Hybrid 
2Lsec +1/2LSB | 32PinTDIP | -55°C to +125°C 2.4W 
1.14x 1.93 x 0.2" 


A-5 
A-5 


MOD-1205 
replacement. 


5 MHz word rate, 
containing T/H, A/D 
converter, data 
registers, Tri-State 
output registers, and 
timing circuits. 


2MHz word rate; 
includes T/H and all 
timing circuits. Very 
high speed. 


2 MHz word rate; 
containing T/H, A/D 
converter, Tri-State 
output registers, and 
timing circuits. Low 
cost. 


5 MHz word rate; 
containing T/H, A/D 
converter, Tri-State 
output registers, and 
timing circuits. Low 
cost. 


High-speed, 
pin-for-pin 
replacement for 
ADC87 and ADC85. 
Military applications. 
Hermetic seal. 


Pin-for-pin low power 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
¥* New Product 
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A/D CONVERTERS 


BACKGROUND INFORMATION 


INTRODUCTION 


In A/D converters, DDC has focused on high performance 
products based on the most recent advances in component 
technology and circuit design. Most converters are self-contained 
with internal clocking and reference, and require no external 
components except for optional offset and gain trimming. Pin 
programmable features include different input voltage ranges, 
unipolar or bipolar coding, and 3-state outputs. 


THE SUCCESSIVE APPROXIMATION METHOD 


An A/D converter using the successive approximation method 
contains an internal D/A converter. The digital input bits in 
the D/A converter are tried in succession until the D/A output 
is equal to the external analog input signal. The D/A digital input 
will then represent the digitized external signal. 


All successive approximation converters are based on the closed 
loop technique shown in Figure 1. An internal successive 
approximation register (SAR) produces a digital output which 
activates the bits in the internal D/A converter. A clock and 
control logic circuit operates the register according to a compar- 
ator signal which detects the difference between the analog 
input and the output of the internal D/A. A conversion is 
initiated by an externally supplied pulse which starts the se- 
quence. All bits except the MSB are initially turned off. The 
control logic then sets one bit at a time in the register, setting 
each bit high or low according to the comparator output. The 
most significant bit (bit 1, the MSB) is first set to logic 1, and 
the precision D/A produces a current equal to 1/2 full scale. 
This current I, y+ is compared to the current |,,, created by 
the input voltage V,,, at the summing junction. If the |, yz is 
less than |,,,, the comparator tells the SAR to leave the first 
bit at logic 1 and, as the clock continues, bit 2 is set at logic 1. 
If Iour is greater than |,,,, the first bit is reset to logic 0 
before trying bit 2. 


Any succeeding bit that does not cause the combined bit cur- 
rents to exceed the input current remains set at a logic 1, and 
any bit that causes the combined bit currents to exceed the input 
current is reset to a logic 0. After the LSB has been tried, the 
SAR transmits a Conversion Complete (CC) signal. The output 
of the SAR at this time is a digital number representing the 
analog input as a fraction of the internal reference voltage. 
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The accuracy of the digital output will be proportional to the 
accuracy of the reference and internal D/A, and the highest 
accuracy attainable will be +1/2 LSB. 


THE TWO STEP METHOD 


The speed of a successive approximation converter is limited by 
the need to wait for each bit to settle for each trial. At the cost 
of increased complexity, it is possible to use a two step tech- 
nique, which can achieve more than twice the speed. In a two- 
step process, the bits are tried in two groups, called the coarse 
bits and the fine bits. Each group of bits is tried with its own 
A/D converter, and each A/D requires less resolution (fewer 
bits). A two step conversion process is faster than single stage 
conversion not only because a new conversion can be initia- 
ted while the fine bits are being tried, but also because the sett- 
ling times for each bit are reduced when a A/D requires less 
accuracy. 


Figure 2 shows how the two step technique can be imple- 
mented. The analog input is sampled by the track/hold amp- 
lifier and held for the first part of the conversion cycle. The 
coarse bits A/D converter digitizes the most significant bits at 
a relatively fast rate and the coarse bits are stored in the digital 
combiner. The analog voltage corresponding to the coarse bits 
which is formed by the D/A converter is subtracted from the 
analog input signal being held by the input track/hold amp- 
lifier. Correction circuits are usually required at the differenc- 
ing junction to compensate for non-linearities in the A/D and 
D/A, track/hold errors, and temperature drifts. With a PROM 
these errors, which are highly repeatable, can be uniquely cor- 
rected for each converter. 


As soon as the summed voltage from the differencing junction 
has been acquired by the fine bits track/hold amplifier, the 
input track/hold can acquire a fresh analog input voltage to 
commence a new conversion cycle. Meanwhile, the fine bits 
A/D digitizes the fine bits and the digital combiner accepts them 
to complete the first conversion cycle. The entire two-step 
conversion cycle is regulated by a clock with control logic, 
and a Start Conversion pulse initiates each conversion. An 
important advantage of two step conversion is that the ul- 
timate accuracy of conversion is determined by the accuracy of 
the subtraction process, which involves the D/A and track and 
hold amplifier. These circuits need to settle only once during 
each conversion cycle. The internal coarse and fine bit A/D’s 
may be successive approximation or flash converters. 


ANALOG 
INPUT 


VIN 


START 
CONVERSION (SC) 
LOGIC CONVERSION 
COMPLETE (CC) 


CLOCK AND 
CONTROL | 


V COMPARATOR OR 
SUCCESSIVE DATA READY (DR) 
APPROXIMATION 
REGISTER 
(SAR) 


REF VOLTAGE 
VREF 


BIT 1 (MSB) 
PRECISION BIT 2 
DIGITAL 
CONVERTER OUTPUT 
BIT N (LSB) 


FIGURE 1. SUCCESSIVE APPROXIMATION 
A/D CONVERSION 


THE FLASH QUANTIZATION METHOD 


The flash quantization method which is illustrated in Figure 3 
is the most rapid A/D conversion technique. A string of com- 
parators is used to compare the analog input voltage directly 
with voltage steps on a resistance ladder. In Figure 3, for instance, 
if the analog input voltage lies between 3/8VR and 4/8VpR, the 
lower three comparators would respond and the upper four 
would not. The decoding logic translates the comparator re- 
sponses into appropriately coded digital output. 


Flash quantization is rapid because signals propagate very quickly 
through the parallel-connected comparators and the decoding 
logic. In constrast, the throughput delay in a successive approxi- 
mation converter with n bits includes n D/A settling times and 
n comparator response times. On the other hand, the complexity 
of a flash quantization converter can be greater because the 
number of comparators required and the complexity of the 
decoding logic depends on the number of bits. A resolution of 
n bits will require 2" resistors and 2"—1 comparators. The three 
bit converter shown in Figure 3 requires 2°=8 resistors and 
2? —1=7 comparators. 


quires 2° = 64 resistors and 2° —1 = 63 comparators. 


ANALOG 
INPUT 


COMPARATORS 


REFERENCE 
VOLTAGE Vp 


BIT 2 DIGITAL 
OUTPUT 


BIT 3 


FIGURE 3. 3-BIT FLASH CONVERSION 


A converter with 6 bit resolution re- 
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COARSE BITS 


ANALOG 
INPUT 


COARSE BITS 
A/D 
CONVERTER 

CORRECTION D/A 
CIRCUITS CONVERTER 


DIFFERENCING JUNCTION 
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A/D 
CONVERTER 
= 


INPUT 
TRACK/HOLD 
AMPLIFIER 


DIGITAL 
OUTPUT 


DIGITAL 
COMBINER 


FINE BITS 
TRACK/HOLD 
AMPLIFIER 


START 
CONVERSION CLOCK AND 
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CONVERSION LOGIC 


COMPLETE FINE BITS 
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FIGURE 2. TWO-STEP A/D CONVERSION 


A/D TRANSFER CHARACTERISTICS 
AND ACCURACY 


The output of an A/D converter is inherently quantized and 
ideally any input analog value within +1/2 LSB of the digital 
code to which it corresponds should give the same digital output. 
This results in the ideal transfer characteristic shown in Figure 4 
for a 3 bit A/D converter with unipolar straight binary or bi- 
polar offset binary coding. In Figure 4, for example, the 100 code 
output corresponds to all analog input values within +1/2 LSB 
of the analog value in the center of the range. 


It can be seen from Figure 4 that a transfer function described 
by transition values does not cover a full range of analog input 
values extending from O to F.S. or from —F.S. to +F.S. In 
Figure 4, for instance, the unipolar analog input extends from 0 
to +F.S. — 1/2 LSB, and the code for +F.S. is not defined. For 
some converters, the analog scale is offset by 1 LSB in order 
to give +F.S. a code value. The code for the opposite end of the 
scale (O to —F.S.) will then be undefined. This is most often 
done with complementary coding, in which logic 1 and logic 0 
values are interchanged, so F.S. can correspond to a O00. . .code. 


The accuracy of an A/D converter is measured by determining 
the analog input values corresponding to 50% dither between 
adjacent digital codes. Ideally, as shown in Figure 4, the transi- 
tion points will occur midway between LSB values, at points 
such as 1/2 LSB, 3/2 LSB, 5/2 LSB, etc.. The transition table 
for a 3 bit converter in Figure 5 is equivalent to the transfer 
characteristic in Figure 4. 


The total error in a converter is the sum of the offset error, the 
gain error and the linearity error. For a unipolar A/D, the offset 
error is usually specified for the transition corresponding to 
+1/2 LSB, but can be assigned by the manufacturer to be at 
either end of the analog input range. For a bipolar A/D, the off- 
set error could also be assigned to be at the transition close to 
the center of the range where the analog input is +1/2 LSB. At 
whatever point offset is designated, the offset error will be the 
difference between the measured value for 50% dither and the 
theoretical analog value for that point. 


The gain error is measured at the transition points at the opposite 
ends of the range. The gain is equal to the difference between 
the measured inputs at the two transition points (keeping nega- 
tive signs for negative inputs), divided by the theoretical input 
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A/D CONVERTERS 


span between them. For the 3 bit converter described above, 
the input span is F.S. — 2 LSB for straight binary coding, and 
2 F.S. — 2 LSB for offset binary coding. 


Linearity measurements must be corrected for both offset and 
gain errors. The analog input is measured for 50% dither at 
each transition point. The linearity error at each point is the 
difference between the theoretical value and the measured value 
after the measured value has been corrected by first substracting 
the offset error and then multiplying by the gain correction. An 
alternative procedure, which simplifies calculations is to trim 
the offset error and then multiply by the gain correction. 


Monotonicity is usually also an important requirement. If the 
converter is monotonic, the digital code will never decrease 
when the analog input is increased, and will never increase as 
the input is decreased. All DDC converters are monotonic. 


111 


110 


3 BIT 
BINARY 
DIGITAL 
OUTPUT 100 


011 


010 


001 


000 
STRAIGHT 

(8) 1LSB 2LSB 3LSB 4LSB 5LSB 6LSB 7LSB 8LSB BINARY 

te) +1/4 FS. +1/2 FS. +3/4 F.S. +F.S. CODING 


DIGITAL INPUT 


| | | | l | | l ]  Siaay 


-~4LSB-3LSB -2LSB -1LSB 0 +1LSB +2LSB +3LSB +4LS roasted 
=£.S, -1/2 FS. 0 +1/2 FS, +E S, 


FIGURE 4. IDEAL TRANSFER CHARACTERISTIC 
FOR A 3-BIT A/D CONVERTER 


ANALOG INPUT BIT TRANSITION 
UNIPOLAR BIPOLAR (MSB) (LSB) 
STRAIGHT BINARY | OFFSET BINARY BIT 1 BIT2 BIT 3 
+3/4 F.S.—1/2 LSB |+1/2 F.S.—1 LSB 


_ — 
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+1/2 F.S, — 1/2 LSB 


+1/2 LSB =PrS, * 1/2 LSB 


FIGURE 5. THEORETICAL TRANSITION VALUES 
FOR 3 BIT A/D CONVERTER 
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i) 
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PRINTED CIRCUIT BOARD MOUNTING 


When mounting a converter on a printed circuit board, it is 
very important to keep logic-level signals as far away from the 
AC and power signals as possible. Under no circumstances 
should AC or power pins be adjacent to data pins at the con- 
nector. It is also prudent to keep the AC and power pins sepa- 
rated from each other. The intent is to make it impossible to 
short logic inputs/outputs to AC or power pins with scope- 
probes, etc. 


It is strongly recommended that circuit layouts be designed in 
such a way that plated through-holes are not required when 
mounting hybrid or discrete modules. If all lands connecting 
to pins are located on the opposite (dip) side of the PC board 
from the module, there will be no risk of destroying a pin con- 
nection by ripping out the plated through-hole connection if 
the module has to be removed. It will also be much easier to 
unsolder a module without damaging it. 


See page N-19 for a list of Application Notes available from DDC. 
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DESCRIPTION 


The ADC-00110 is a 12 bit, 10 MHz 
track/hold and A/D converter hybrid 
packaged in a 46 pin plug-in. 


Containing T/H,A/D converter,data reg- 
isters, tri-state output buffers,and timing 
circuits, the ADC-00110 is the fastest 
and smallest digitizer of its kind. The 
ADC-00110 operates over a tempera- 
ture range of -55°C to +125°C and 
military processing is available. 


The ADC-00110 is implemented with a 
2-step A/D conversion algorithm. A 
number of factors contributed to achiev- 
ing the ADC-00110’s technical 
breakthroughs in speed and size. 


ANALOG 
INPUT 
(45) 


ANALOG 


(35) ob 


ENCODE 
COMMAND 
(24) 


ADC-00110 AND ADC-00111 
12 BIT 10 MHz T/H + A/D HYBRID 


HIGH SPEED, SMALL SIZE, MIL-SPEC A 


Foremost among them are proprietary 
ICs for the DAC, the conversion logic, 
and the gain amp functions. In addition, 
judicious use of thin film and thick film 
hybrid technology resulted in minimum 
layout area. 


With its high speed, small package and 
wide operating temperature range, the 
ADC-00110 is ideal for the most 
demanding military and industrial data 
conversion applications. Typical of 
these applications are radar and IR 
digitizing, vibration and FFT analysis, 
medical and nuclear instrumentation, 
and high-speed data acquisition and 
communications systems. 


TIMING AND CONTROL 


FIGURE 1. ADC-00110 BLOCK DIAGRAM 


FEATURES 


INCLUDES 


— TRACK/HOLD 

— A/D CONVERTER 

— TRI-STATE OUTPUT 
REGISTERS 

— TIMING CIRCUITS 


10 MHz WORD RATE 


SMALL 46 PIN PLUG-IN 
HERMETIC HYBRID 


INPUT VOLTAGE OPTIONS 


-55°C TO +125°C OPERATING 
TEMPERATURE 


ENABLE 
(25) 


DIGITAL REGISTERS 
ERROR al & aon 
CORRECTION yee DATA 


DIGITAL 


GND 
5 (23,26,32) 


CASE GND 
(37) 


DATA 
READY (22) 
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tages, and 10 MHz encode rate, unless otherwise noted. 
[Resolution ==—s_—§s§ || Sits S| S12 


ACCURACY 
Linearity Error 


%FSR | +0.025 typ, 


+0.050 max 
Linearity Error Tempco ppm FSR/C | 2 max 
Diff Linearity Error LSB +1 max 
Gain Error %FSR +0.5 max 
Gain Error Tempco ppm FSR/C | 50 
Offset Error %FSR +0.5 max 
Offset Error Tempco ppm FSR*C | 50 max 
No Missing Codes Guaranteed 


DYNAMIC CHARACTERISTICS 
Conversion Rate 


MHz DC to 10 min 


Pipeline Delay ' nsec 2 Encode Com- 
mands +80 nsec 

Aperture Uncertainty (Jitter) psec RMS | 9 typ, 20max 

Aperture Time (Delay) nsec 6(+3) 

Signal to Noise Ratio (SNR) 2 


5MHz analog input db 68.5 typ, 64min 

1MHz analog input db 69.5 typ, 65min 

100kHz analog input db 70.5 typ, 66min 
Transient Response 3 nsec 100 max 


Overvoltage Recovery 4 200 max 
Input Bandwidth 

Small Signal, 3dB * 

Large Signal, 3dB ® 
Total Harmonic Distortion 

5MHz analog input 

100kHz analog input 
Two-tone lineanty(at input freq.) 
60KHz; 62KHz 
2.498MHz; 2.500MHz 
4.996M Hz; 4.998MHz 


ANALOG INPUT 


nsec 


MHz 
MHz 


70typ, 50min 
40typ, 30min 


db below FS 
db below FS 


64min 
66min 


db below FS 
db below FS 
db below FS 


62 min 
62 min 
60 min 
00110 


00111 


Voltage Range 
(Normal Operation) +2.5 +1 
(Absolute Max) +5 max +2max 
Impedance 
Resistance 1Mmin 50kmin 


Capacitance 10 10 


ENCODE COMMAND INPUT ’” 
(ADC-00110) 
Logic Levels, TTL Compatible 


Logic 0 = 0.4 
Logic 1=2.4 
10 

Encode Command 
Period -20 nsec 


Minimum Pulse Width 
Maximum Pulse Width 


DIGITAL OUTPUT 
Format 
Logic Levels, TTL Compatible 


12 parallel; NRZ 
Logic 0 = 0.4 
Logic 1 =2.4 

5 max 

Offset binary two's 
complement 


Time Skew 
Coding 


Drive TTL Loads 


POWER SUPPLIES (ADC-00110) 

+15 Volt Supply +15 +5% 

Current Drain mA 80 typ, 120 max 
-15 Volt Supply V -15+5% 

Current Drain mA 80 typ, 125 max 
+5 Volt Supply V +5 +5% 

Current Drain mA 300 typ, 400 max 
- 5.2 Volt Supply V -5.2+5% 

Current Drain mA 600 typ, 700 max 
Power Dissipation W 7.0 typ, 9.25 max 


PSRR: 
+15V Supplies 
+ 5V and -5.2V Supplies 


%FSRA/%Vs 
%FSR/%Vs 


0.01 
0.03 
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ADC-00110 AND ADC-00111 


TABLE 1. ADC-00110 SPECIFICATIONS (T/H and A/D) (continued 


PARAMETER UNITS VALUES 


POWER SUPPLIES (ADC-00111) 
+15 Volt Supply 
Current Drain mA 
-15 Volt Supply V 
Current Drain mA 
+5 Volt Supply V 
Current Drain mA 
- §.2 Volt Supply V 
Current Drain mA 
Power Dissipation W 


PSRR: 


+15V Supplies 
+ 5V and -5.2V Supplies 


TEMPERATURE RANGE 
Operating (Case) 
-1 Option 
-3 Option 
Storage 


+15 +5% 

40 typ, 70 max 
-15 +5% 

40 typ, 75 max 
+5 +5% 

315 typ, 420 max 
-5.2+5% 

615 typ, 720 max 
5.9 typ, 8.0 max 


AWFSR/WVs | 0.01 
WFSA/WVs | 0.03 


-55 to +125 
0 to +70 
-55 to +165 


Notes: 

(1) Measured from the rising edge of Encode Command to the falling edge of 
Data Ready; use rising edge to strobe output data into external circuits. 
See figure 2, timing diagram. 

(2) Rms signal to rms noise ratio. 

(3) For full-scale step input, 12-bit accuracy attained in specified time. 

(4) Recovers to 12-bit accuracy in specified time after 2 x FS input overvoltage. 

(5) With analog input 40 dB below FS. 

(6) With FS analog input (Large-signal bandwidth flat within 0.2 dB,DC to 5MHz). 

(7) Transition from digital 0 to digital 1 initiates encoding. 


GENERAL DESCRIPTION 


Figure 1 is a functional block diagram of the ADC-00110 sampling 
A/D converter. Its major elements are a track/hold amplifier, 6-bit 
and 8-bit flash A/D converters, a 6-bit D/A converter, and a 
differential amplifier. The remaining functions are timing and 
control circuits, digital buffers, and registers. 

These components implement a straightforward 2-step A/D con- 
version algorithm. First, the conversion cycle is initiated with the 
receipt of an Encode Command. This causes the timing circuit to 
place the track/hold in the HOLD mode, storing the voltage at its 
analog input. The flash A/D then generates a coarse encode of the 
sampled voltage. Its 6-bit coarse encode output is stored temporari- 
ly in the MSB register. At the same time, the coarse 6-bit word is 
input to the DAC, which converts it to an analog voltage. 

The differential amplifier subtracts the voltage representing the 
coarse encode from the sampled input, and scales it up to the correct 
full scale range. 

Next, the 8-bit flash A/D converter generates a fine encode of the 
scaled difference voltage. The fine encode 8-bit word is stored in 
the LSB register. Finally, the contents of the 6-bit MSB and 8-bit 
LSB registers are combined in the digital error correction circuit to 
yield a 12-bit output word. This 12-bit word is stored in the output 
registers. The encoded digital output is available upon application 
of an Enable signal to the tri-state output buffer. 

Since the ADC-00110 has output storage registers, its digital output 
is available to the user at all times, except for a short interval when 
it is being updated. A Data Ready output signal is provided to 
indicate when the digital output is valid. 

Care must be taken when designing with the ADC-00110, to 
achieve its rated performance. This high-speed sampling A/D 
converter generates high-frequency power supply and ground cur- 
rents. For this reason, it is recommended that decoupling 
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capacitors be used on each power supply line. See the paragraph on 
Power Supply Decoupling for more detail. High-frequency layout 
considerations should be kept in mind when designing a printed 
circuit board for the ADC-00110. Conductor lengths should be kept 
to a minimum, and a large area ground plane should be used to keep 
ground impedances as low as possible. 


TIMING DIAGRAM 


A Typical ADC-00110 timing diagram is shown in figure 2. Note 
that the Encode Command repeats at 100 nsec intervals with a 
throughput (pipeline) delay of 280 nsec. 

A conversion cycle is initiated by the application of a positive pulse 
(15 nsec min) to the Encode Command pin. The rising edge of the 
Encode Command starts the timing cycle. First the internal 
track/hold is placed in the HOLD mode. The output signal is then 
delivered to the 6-bit flash A/D converter for a coarse conversion 
of thee 6 MSBs. The output of the 6-bit flash A/D is also delivered 
to the D/A whose output is applied to the differential amplifier. The 
output of the differential amplifier is then delivered to the 8-bit flash 
A/D converter. Once the 8-bit flash conversion is complete, the 
internal T/H is returned to the TRACK mode. The output of the 
8-bit flash A/D converter along with the original coarse 6-bit word 
is input to the digital error correction circuit with output to the 12-bit 
register. The Encode Command input then updates the register to 
take data. 

The idea behind pipelining is that a second Encode is started before 
the first Encode has completed conversion. Consequently, the input 
signal is encoded and output data is delivered at a 1OMHz rate. The 
pipeline delay is two Encode periods plus 80 nsec, or 280 nsec, 
minimum. Since Data Ready stays low for 50 nsec, it is possible to 
use the Encode Command to enable and continuously take data at 
a 10M Hz rate, though output data lags analog input by two encode 
periods plus 80 nsec. Note that data is not valid during the first 5 
nsec following the falling edge of Data Ready, but is otherwise 
valid. The timing diagram also indicates the tri-state propagation 
delays for both enabling and disabling the latch as 8 nsec typ, and 
10 nsec max. 


LAYOUT PRECAUTIONS 


The ADC-00110 high-speed sampling A/D converter generates 
high-frequency power supply and ground currents, and is sensitive 
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to coupled signals. High-frequency layout considerations must 
therefore be kept in mind when designing a printed circuit board 
for it. All conductor lengths must be kept to a minimum, anda large 
area ground plane must be used to keep ground impedances as low 
as possible. Analog inputs and digital outputs must be kept 
separated from each other to minimize crosstalk. Input and output 
circuits must be kept as close to the A/D converter package as 
possible. Likewise, the three analog ground pins must be connected 
to the digital ground pin as close as possible to the hybrid package, 
with connection to the case ground pin. While the case ground pin 
may be left floating it is recommended that the case be tied to system 
ground in order to minimize ground contributions to noise. 


POWER SUPPLY DECOUPLING 

Decoupling capacitors are required on each power supply to mini- 
mize noise. Figure 5 illustrates the recommended decoupling 
scheme. Each decoupled line must have a 10 sF or larger tantalum 
capacitor in parallel with a 0.01 uF ceramic capacitor. All cap- 
acitors must be mounted as close as possible to the hybrid package. 
While the user may use the same power supply for the 5.2V analog 
and digital supplies, it is recommended that the supply lines to the 
ADC-00110 be separated at the supply and treated as individual 
supplies at the board in order to minimize crosstalk. The same 
applies to the SV analog and digital supplies. It is further recom- 
mended that an inductor, such as the Ferrox Cube Bead model 
#VK20020/4B be used in the digital supply line to prevent digital 
switching from being transposed on the analog supply. For instan- 
ces where the user has a seperate analog and digital supplies: the 
+5V current drain is approximately 20% digital; and the -5.2V 
Current drain is approximately 50% digital. 


OUTPUT CODING 

Output coding is illustrated in table 2. The ADC-00110 is TTL 
compatible and outputs offset binary and two’s complement data. 
Moreover, data is accessed through a tri-state latch. A LOW state 
input to pin 25, Enable, enables output data; input HIGH disables 
as illustrated in the figure 2. 


0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 


100 nsec min 
15 nsec min 15 nsec min 


Encode 
Command 


T/H GATE 


Data Ready n-2 n-1 


/k-—+.30 nsec a i 5 nsec 


DATA N-3 
DATA NOT VALID 


Enable 
B ns typ, 10. ns max->| >| ]e 8 ns typ, 10 ns max 


DATA ACTIVE 
tri-state tri-state 


FIGURE 2. ADC-00110 TIMING DIAGRAM 
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TABLE 2. OUTPUT CODING 


BIPOLAR 
INPUT 
VOLTAGE Offset Two's 
Binary Complement 


B1 thru B12 B1, B2thru B12 


A-7 


OC 


ILC DATA DEVICE 
CORPORATION 


FFT TEST DESCRIPTION 

In order to determine the harmonic distortion and signal to noise 
ratio of the ADC-00110 and ADC-00111, DDC uses some special- 
ized hardware and an FFT analysis program. The details of the 
method are described below and illustrated in figure 3. 


The FFT used is 512 points. The extra points that are taken can be 
used for either increasing the spectral resolution or for averaging a 
number of records to minimize the run-to run variation in readings. 
A single 512 point record typically gives run-to-run variations of 
as much as 1 db in signal to noise ratio. An 8 record average can 
decrease this to about 0.2 db. The 512 data samples are windowed 
using Hanning weighting. An FFT is then performed on the 
weighted bins. The frequency bins are then scanned for the bin with 
the largest amplitude. This is defined as the fundamental frequency. 
The amplitude of the fundamental is determined by computing the 
RMS sum of the bin below the fundamental, the fundamental and 
the bin above the fundamental. 
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This 3-cell summation yields an amplitude accurate to less than 0.01 
db. The amplitude for each harmonic is calculated by summing the 
3 bins around 2X the fundamental for the second harmonic, 3X the 
fundamental for the third and so on. This yields the harmonic 
distortion. 


The signal to noise ratio is calculated by taking the RMS sum of 
the frequency bins up to 255 ( the Nyquist rate ) with the exception 
of the D.C term (bins 1, 2, and 3), the fundamental frequency (10 
bins below the fundamental to 10 bins above the fundamental) and 
+2 bins around each harmonic. The number of bins eliminated in 
each case is due to the leakage of the windowing function causing 
spillover into the area around the frequency terms. The summed 
frequency bins are then compared to the normalized fundamental 
for calculation of the broadband signal-to-noise ratio. 


Frequency 


SIGNAL-TO-NOISE RATIO = 65.10 db 

TOTAL HARMONIC DISTORTION = -68.17 db 
SIGNAL-TO-(NOISE + DISTORTION) = 63.68 db 
FFT size is 512 points. 

Input Data Weighted by Hanning Window. 


FIGURE 3. DYNAMIC TEST DATA 
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CORPORATION 

ADC-00110-615 EVALUATION CARD 
The ADC-00110-615 Evaluation Card enables analysis of the user to capture up to 1024 WORDS for subsequent digital signal 
ADC-00110 performance via digital interface. Figure 4 illustrates processing. DDC uses this fixturization for capturing data and 
the ADC-00110-615 and Table 3 enumerates the input/output pin performance of histogram and FFT in order to characterize the 
locations and functions. With on-board FIFO the card allows the dynamic performance of the ADC-00110 and ADC-00111. 
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FIGURE 4. ADC-00110-615 MECHANICAL OUTLINE 


po ROWA ROW 
|PIN|FUNCTION || PIN | FUNCTION _| PIN | FUNCTION | PIN | FUNCTION | 
A1 | GND GND C1 GND 

(ACQUIRE/RESET) RE-TRANSMIT BIT2 
+5V COMP BIT1 (MSB) 
COMP RTN BITT (MSB) 
GND GND 
GND OUT REG 
FULL FLAG 
+15V 
GND 
-15V 
DATA READY 
+5V 
GND 
5.2V 
5.2V 
N/C 
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=~5.2V 


“Ferrite bead. (See text on POWER SUPPLY DECOUPLING). 


FIGURE 5. POWER SUPPLY DECOUPLING 


ORDERING INFORMATION 
ADC- 00110-102 


Reliability: 
0 = Standard DDC procedures 
1 = Military processing available 
(Consult Factory) 
2 = Military processing available but 
without QCI testing.(Consult Factory) 


Operating Temperature Range: 
1 = -55 to +125°C 
3= Oto +70°C 

Input Voltage Range: 


O = +2.5V Input 
1 = +1.0V Input 


Consult factory for ECL Logic Compatibility. 


ADC-001 10-615 EVALUATION CARD 
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TABLE 4. ADC-00110 PIN FUNCTIONS 


rem [ Function [PIN | FUNCTION 


Analog Ground Analog Return 

NC T/H Analog Input 

+5V Analog Supply +15V Supply 

T/H Analog Output —15V Supply 

A/D Analog Input —5.2V Analog Supply 
—5.2V Analog Supply NC 

Overrange NC (Factory Test Point) 
MSB NC 

Bit 1 (MSB) NC 

Bit 2 Case Ground 

Bit3 NC (Factory Test Point) 
Bit 4 Analog Ground 

Bit5 + 15V Supply 

Bit 6 — 15V Supply 

Bit 7 Digital Ground 

Bit 8 —5.2V Digital Supply 
Bit 9 +5V Analog Supply 

Bit 10 NC (Factory Test Point) 
Bit 11 NC (Factory Test Point) 
Bit 12 (LSB) NC (Factory Test Point) 
+ 5V Digital Supply Digital Ground 

Data Ready Output Enable 

Digital Ground Encode Command 


1 
. 2 
3 
4 
5 
6 
7 
8 
9 
10 


—_ 
—_ 


oe ee ee ee ee eee Cee 
OANDO FW DY 


NO 
fo) 


MM PM 
On — 


Notes: 

1. Pins 4 and 5 are to be externally connected. 

2. NC means do not connect any signal to these pins as damage may occur to 
the hybrid. 


PIN 1 DENOTED BY 
CONTRASTING 
COLOR BEAD 
2.385 MAX 


eee) 0.210 MAX 


22 EQ. SP.@0.100 (5.334) 
; = 2.200 TOL NONCUM ; | 
(22 EQ. SP.@2.54 0.210 + 0.020 
= 55.88) (5.334 + 0.508) 


1 
566.666 006 Sleae eoeeeead 
1 
1.300 | 
(33.02) 
1.585 MAX | 
(40.259) | 
Se Se 2 eee eee ee eee ee wee = 


| 
| - 0.100 TYP 0.018+0.002 DIA TYP 
(2.54) 
Notes: 


(0.457 +0.051) 
1. Dimensions are in inches (mm). 
2. Pinclusters to be centralized within + 0.010 of outline dimensions 


FIGURE 6. ADC-00110 AND ADC-00112 
MECHANICAL OUTLINE 
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DESCRIPTION 


The ADC-00113 is a 12 bit, 10 MHz 
track/hold and A/D converter hybrid 
packaged in a 46 pin plug-in. Pin-for- 
pin compatible with the ADC603. 


Containing T/H, A/D converter, data 
registers, tri-state output buffers, and 
timing circuits, the ADC-00113 is the 
fastest and smallest digitizer of its kind. 
The ADC-00113 operates over a 
temperature range of -55°C to +125°C 
and military processing is available. 


The ADC-00113 is implemented with a 
2-step A/D conversion algorithm. A 
number of factors contributed to achiev- 
ing the ADC-00113’s technical 
breakthroughs in speed and size. 


ADC-00113 


12 BIT 10 MHz T/H + A/D HYBRID 
HIGH SPEED, SMALL SIZE, MIL-SPEC 


Foremost among them are proprietary 
ICs for the DAC, the conversion logic, 
and the gain amp functions. In addition, 
judicious use of thin-film and thick-film 
hybrid technology resulted in minimum 
layout area. 


With its high speed, small package and 
wide operating temperature range, the 
ADC-00113 is ideal for the most 
demanding military and industrial data 
conversion applications. Typical of 
these applications are radar and IR 
digitizing, vibration and FFT analysis, 
medical and nuclear instrumentation, 
and high-speed data acquisition and 
communications systems. 


FEATURES 


Improved Pin-For-Pin ADC603 


Includes 
— Track/Hold 
— A/D Converter 
— Tri-State Output Registers 
— Timing Circults 


10 MHz Word Rate 


Small 46 Pin Plug-in 
Hermetic Hybrid 


Input Voltage Options 


55°C TO +125°C Operating 
Temperature 


ANALOG 
INPUT 
(45) 


ANALOG 
GND 
(32, 35) 


ENCODE 
COMMAND 
(24) 


TIMING AND CONTROL 


ERROR 
CORRECTION 


ENABLE 
(25) 


DIGITAL 


BUFFER 


DIGITAL 
GND 
(23, 26) 


CASE GND 
(1) 


DATA 
READY (22) 


FIGURE 1. ADC-00113 BLOCK DIAGRAM 
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TABLE 1. ADC-00113 SPECIFICATIONS (T/H and A/D) 
Typical values at listed temperature range, nominal power supply voltages, 10 MHz encode rate, and 15 minute warmup 


ADC-00113-1XX at aie Sap at 
25°C —55 to +125°C "an, +70°C CONDITIONS 
ra fee ane awa Pepa wm ve waa] 


TEMPERATURERANGE | °c | | 25 | | ~55 |__| +125 | +70 _| 
Le eee se ce SV See 


ACCURACY 
4| +2 1.0 
ne -—Ixoal 2 | _Isoal_s2 | _|tozlo7s| [sol 10 0.75 + 0.4 


unless otherwise noted. 


PARAMETER 


Linearity Error 

Diff Linearity Error 
w 68.3% of all codes 
899.7% of all codes 

w@ 100% of all codes 


Aperture Time 
Signal-to-Noise Ratio”? 


@ 5MHz analog input 64 64 64 Fs = 9.99MHz 
@ 1MHz analog input 65 65 65 Fs = 9.99MHz 
w 100kHz analog input 66 66 66 Fs = 9.99MHz 


Transient Response“ See note 4. 
Overvoltage Recovery") 2x full-scale input 
Input Bandwidth 


w Small Signal, 34B°°) 
w Large Signal, 3487) 
Total Harmonic Distortion 

@ SMHz analog input 

@ 100kHz analog input 
Two-tone linearity 
@ 2.20MHz 
@ 2.50MHz 


- ras - “ls - eee - 


—e Da a a 
TTL Compatible 
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TABLE 1. ADC-00113 SPECIFICATIONS (T/H and A/D) (continued) 


ADC-00113 


Typical values at listed temperature range, nominal power supply voltages, 10 MHz encode rate, and 15 minute warmup, unless otherwise noted. 


DC-00113-1XX at 
PARAMETER 25°C 


VALUES FOR: 


ADC-00113-1XX at | ADC-00113-3XX at | ADC-00113-3XX at 
—55 to +125°C 25°C 0 to +70°C 


| MIN | TYP| MAX | MIN | TYP| MAX | MIN | TYP| MAX | MIN | TYP| MAX_ 


POWER SUPPLIES 
+15 Volt Supply 
w Current Drain 
—15 Volt Supply 
@ Current Drain 
+5 Volt Supply 
@ Current Drain 
— 5.2 Volt Supply 
@ Current Drain 
Power Dissipation 
PSRR: 
+15V Supplies 
+ 5V and -5.2V Supplies 
Notes: 


%FSR/MLVs 
%FSR/LVs 


(1) FSR: Full-Scale Range = 2.5Vp.5: F = input frequency; Fs = sampling Frequency. 


+15 |+15.75) +14.25 


+15 | +15.75 | +14.25] +15 |+15.75 | +14.25 


(2) Measured from the rising edge of Encode Command to the falling edge of Data Ready; use rising edge to strobe output data into external circuits. See figure 2, timing 


diagram. 
(3) Rms signal to rms noise ratio. 
(4) For full-scale step input, 12-bit accuracy attained in specified time. 


(5) Recovers to 12-bit accuracy in specified time after 2 x FS input overvoltage. 


(6) With analog input 40 dB below FS. 


(7) With Fs analog input (Large-signal bandwidth flat within 0.2dB,dc to 5MHZz). 


(8) Transition from digital 0 to digital 1 initiates encoding. 


GENERAL DESCRIPTION 


Figure 1 is a functional block diagram of the ADC-00113 
sampling A/D converter. Its major elements are a track/hold 
amplifier, 6-bit and 8-bit flash A/D converters, a 6-bit D/A 
converter, and a differential amplifier. The remaining functions 
are timing and control circuits, digital buffers, and registers. 


These components implement a straightforward 2-step A/D 
conversion algorithm. First, the conversion cycle is initiated with 
the receipt of an Encode Command. This causes the timing 
circuit to place the track/hold in the HOLD mode, storing the 
voltage at its analog input. The flash A/D then generates a coarse 
encode of the sampled voltage. Its 6-bit coarse encode output is 
stored temporarily in the MSB register. At the same time, the 
coarse 6-bit word is input to the DAC, which converts it to an 
analog voltage. 


The differential amplifier subtracts the voltage representing 
the coarse encode from the sampled input, and scales it up to the 
correct full scale range. 


Next, the 8-bit flash A/D converter generates a fine encode of 
the scaled difference voltage. The fine encode 8-bit word is 
stored in the LSB register. Finally, the contents of the 6-bit MSB 
and 8-bit LSB registers are combined in the digital error correc- 
tion circuit to yield a 12-bit output word. This 12-bit word is 
stored in the output registers. The encoded digital output is 
available upon application of an Enable signal to the tri-state 
output buffer. 


Since the ADC-00113 has output storage registers, its digital 
Output is available to the user at all times, except for a short 
interval when it is being updated. A Data Ready output signal is 
provided to indicate when the digital output is valid. 


Care must be taken when designing with the ADC-00113, to 
achieve its rated performance. This high-speed sampling A/D 
converter generates high-frequency power supply and ground 
currents. For this reason, it is recommended that decoupling 
capacitors be used on each power supply line. See the paragraph 
on Power Supply Decoupling for more detail. High-frequency 
layout considerations should be kept in mind when designing a 
printed circuit board for the ADC-00113. Conductor lengths 
should be kept to a minimum, and a large area ground plane 
should be used to keep ground impedances as low as possible. 


TIMING DIAGRAM 


A Typical ADC-00113 timing diagram is shown in figure 2. 
Note that the Encode Command repeats at 100 nsec intervals 
with a throughput (pipeline) delay of 280 nsec. 


A conversion cycle is initiated by the application of a positive 
pulse (15 nsec min) to the Encode Command pin. The rising edge 
of the Encode Command starts the timing cycle. First the internal 
track/hold is placed in the HOLD mode. The output signal is then 
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delivered to the 6-bit flash A/D converter for a coarse conversion 
of the 6 MSBs The output of the 6-bit flash A/D is also delivered 
to the D/A whose output is applied to the differential amplifier. 
The output of the differential amplifier is then delivered to the 
8-bit flash A/D converter. Once the 8-bit flash conversion is 
complete, the internal T/H is returned to the TRACK mode. The 
output of the 8-bit flash A/D converter along with the original 
coarse 6-bit word is input to the digital error correction circuit 
with output to the 12-bit register. The Encode Command input 
then updates the register to take data. 


The idea behind pipelining is that a second Encode is started 
before the first Encode has completed conversion. Consequent- 
ly, the input signal is encoded and output data is delivered at a 
10MHz rate. The pipeline delay is two Encode periods plus 80 
nsec, or 280 nsec, minimum. Since Data Ready stays low for 50 
nsec, it is possible to use the Encode Command to enable and 
continuously take data at a 10M Hz rate, though output data lags 
analog input by two encode periods plus 80 nsec. Note that data 
is not valid during the first 5 nsec following the falling edge of 
Data Ready, but is otherwise valid. The timing diagram also 
indicates the tri-state propagation delays for both enabling and 
disabling the latch as 8 nsec typ, and 10 nsec max. 


LAYOUT PRECAUTIONS 


The ADC-00113 high-speed sampling A/D converter 
generates high-frequency power supply and ground currents, and 
is sensitive to coupled signals. High-frequency layout consid- 
erations must therefore be kept in mind when designing a printed 
circuit board for it. All conductor lengths must be kept to a 
minimum, and a large area ground plane must be used to keep 
ground impedances as low as possible. Analog inputs and digital 
Outputs must be kept separated from each other to minimize 
crosstalk. Input and output circuits must be kept as close to the 
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A/D converter package as possible. Likewise, the three analog 
ground pins must be connected to the digital ground pin as close 
as possible to the hybrid package, with connection to the case 
ground pin. While the case ground pin may be left floating it is 
recommended that the case be tied to system ground in order to 
minimize ground contributions to noise. 


OUTPUT CODING 


Output coding is illustrated in table 2. The ADC-00113 is TTL 
compatible and outputs two’s complement data and inverted 
two’s complement. Two’s complement coding occurs when a 
LOW state TTL input is applied to pin 27, Output Logic Invert; 
application of a HIGH state TTL input results in inverted two’s 
complement output data. Moreover, data is accessed through a 
tri-state latch. A LOW state input to pin 25, Enable, enables 
Output data; input HIGH disables as illustrated in the figure 2. 


TABLE 2. OUTPUT CODING 


BIPOLAR 
TWO'S INVERTED TWO'S | 
INPUT VOLTAGE COMPLEMENT COMPLEMENT 
pin 27 = low Din 27 = high 


+FS (+1.25V) 0111 1111 1111 


+FS -1 LSB 0111 1111 1110 
W4 FS 0001 1111 1111 
+1/2 FS 0011 1111 1111 
+1 LSB 0000 0000 0000 1491 9999 1111 
re ae itt) | 0 OM oom 
-1 LSB 1111 1111 1110 0000 0000 0001 
-1/2 FS 1011 1111 1111 0100 0000 0000 
—3/4 FS 1001 1111 1111 0110 0000 0000 
—-FS +1LSB 1000 0000 0000 0111 1111 1111 


| «dBA (MSB) thru B12(LSB)|B1(MSB) thru B12(LSB 


Oo 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 


100 nsec min 
15 nsec min | 15 nsec min 


T/H GATE 


Data Ready 


DATA 
tri-state 


n-2 
/+-—+}-30 nsec | le 5 nsec 
N/ v, ¥, 
oar SS 
DATA NOT VALID 


Enable 
8 ns typ, 10 ns max >| >| + 8 ns typ, 10 ns max 


Pas 


ACTIVE 
tri-state 


FIGURE 2. ADC-00113 TIMING DIAGRAM 
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FFT TEST DESCRIPTION 


In order to determine the harmonic distortion and signal to 
noise ratio of the ADC-00113, DDC uses some specialized 
hardware and an FFT analysis program. The details of the 
method are described below and illustrated in figure 3. 


The FFT used is 512 points. The extra points that are taken 
can be used for either increasing the spectral resolution or for 
averaging a number of records to minimize the run-to run varia- 
tion in readings. A single 512 point record typically gives run- 
to-run variations of as much as 1 dB in signal to noise ratio. An 
8 record average can decrease this to about 0.2 dB. The 512 data 
samples are windowed using Hanning weighting. An FFT is then 
performed on the weighted bins. The frequency bins are then 
scanned for the bin with the largest amplitude. This is defined as 
the fundamental frequency. The amplitude of the fundamental is 
determined by computing the rms sum of the bin below the fun- 
damental, the fundamental and the bin above the fundamental. 
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This 3-cell summation yields an amplitude accurate to less 
than 0.01 dB. The amplitude for each harmonic is calculated by 
summing the 3 bins around 2X the fundamental for the second 
harmonic, 3X the fundamental for the third and so on. This yields 
the harmonic distortion. 


The signal to noise ratio is calculated by taking the rms sum 
of the frequency bins up to 255 ( the Nyquist rate ) with the 
exception of the dc term (bins 1, 2, and 3), the fundamental 
frequency (10 bins below the fundamental to 10 bins above the 
fundamental) and +2 bins around each harmonic. The number of 
bins eliminated in each case is due to the leakage of the window- 
ing function causing spillover into the area around the frequency 
terms. The summed frequency bins are then compared to the 
normalized fundamental for calculation of the broadband signal- 
to-noise ratio. 


Frequency Bin 


SIGNAL-TO-NOISE RATIO = 65.10 dB 

TOTAL HARMONIC DISTORTION = -68.17 dB 
SIGNAL-TO-(NOISE + DISTORTION) = 63.68 dB 
FFT size is 512 points. 

Input Data Weighted by Hanning Window. 


FIGURE 3. DYNAMIC TEST DATA 
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OFFSET AND GAIN ADJUSTMENT 


The ADC-00113 is carefully laser-trimmed to its rated ac- 
curacy without external adjustments. The user may trim both 
input offset voltage error and gain error to zero by using external 
potentiometers (see Figure 4). The trim is typically 2%. 


Note: 

When large offset and gain changes are desired use other 
means, within the system, to achieve them; such as, using an 
input buffer amplifier. 

For good high-speed analog practice, decoupling is recom- 
mended. 

If offset and gain adjustment is not needed, pins 36 and 37 
should be unconnected 


ADC-00113 
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TABLE 4. ADC-00113 PIN FUNCTIONS 
FUNCTION FUNCTION 
| 1 |CaseGround | 46 | Analog Ground 
2 inc 45 | TH Analog input 
|_3_| +5V Analog Suppl | 44 | 415V Supply 
| 4 |T/HAnalog Output | 43 | -15VSuppy 
| 7 [nc 40 NC(Factory Test Point) 
Ce 
/Bit1(MSB) 38 | 


Gain Adjust 
Offset Adjust 
Analog Ground 
+15V Suppl 


Bie 


Z\iz 


Bit 7 Analog Ground 


Bie tS 
Bio 
pBitto 
Bitty 


Bit 12 (LSB 


+5V Digital Suppl 


Digital Ground 


_ 
N 


Notes: 
1. Pins 4 and 5 are to be externally connected. 
2. NC means do not connect any signal to these pins as damage may occur to the 
hybrid. 


+15V 
OFFSET 
TRIM 10kQ 
O.01pF = -15V 
+15V 
10kQ 
TRIM 
-15V 


FIGURE 4. OFFSET AND GAIN ADJUSTMENT 


A-16 


D]D[c 


ILC DATA DEVICE 
CORPORATION 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are required on each power supply to 
minimize noise. Figure 5 illustrates the recommended decou- 
pling scheme. Each decoupled line must have a 10 pF or larger 
tantalum capacitor in parallel with a 0.01 uF ceramic capacitor. 
All capacitors must be mounted as close as possible to the hybrid 
package. While the user may use the same power supply for the 
5.2V analog and digital supplies, it is recommended that the 
supply lines to the ADC-00113 be separated at the supply and 
treated as individual supplies at the board in order to minimize 
crosstalk. The same applies to the 5V analog and digital supplies. 
It is further recommended that an inductor, such as the Ferrox 
Cube Bead model #VK20020/4B be used in the digital supply 
line to prevent digital switching from being transposed on the 
analog supply. For instances where the user has a separate analog 
and digital supplies: the +5V current drain is approximately 20% 
digital; and the -5.2V current drain is approximately 50% digital. 


+5V 
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+15V 


“Ferrite bead. (See text on POWER SUPPLY DECOUPLING). 


FIGURE 5. POWER SUPPLY DECOUPLING 


PIN 1 DENOTED BY 
CONTRASTING 
COLOR BEAD 


2.385 MAX 
(60.579) 


22 EQ. SP.@0.100 
= 2.200 TOL NONCUM 
(22 EQ. SP.@2.54 
= 55.88) 


1.300 
(33.02) 


1.585 MAX 
(40.259) 


Notes: 
1. Dimensions are in inches (mm) 
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2. Pin clusters to be centralized within +0.010 of outline dimensions. 


FIGURE 6. ADC-00113 MECHANICAL OUTLINE 


0.210 MAX 
(5.334) 
0.210 + 0.020 
(5.334 + 0.508) 


: a 
— 


0.018+0.002 DIA TYP 
(0.457 +0.051) 


ORDERING INFORMATION 


ADC-00113 — 1 2 
Reliability: 


0 = Standard DDC procedures 
1 = Military processing available 


(Consult Factory) 


2= Military processing available but 
without QCI testing.(Consult Factory) 


Operating Temperature Range: 


1 = -55 to +125°C 
3= Oto +70°C 


B Consult factory for ECL Logic Compatibility. 
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DESCRIPTION 


The ADC-00115 is a 12 bit. 5 MHz track/ 
hold and A/D converter board which pin- 
for-pin replaces the MOD 1205. Con- 
taining T/H. A/D converter. data 
registers. tri-state Output buffers, and 


timing circuits. the ADC-00115 meets 
MOD 1205 form. fit, and function at 
lower power with higher performance 
and reliability. The ADC-00115 Is 
Implemented with a 2-step A/D conver- 


ADC-00115 


12 BIT 5 MHz T/H + A/D BOARD 


ADC-00110 hybrid makes the pertorm- 
ance enhancements possible. 


With its high speed and _ industry 
Standard format. the ADC-001 15 Is ideal 
for the most demanding military and in- 
dustrial data conversion applications. 
Typical of these applications are radar 
and sonar digitizing. vibration and FFT 
analysis. medical and nuciear instru- 
mentation, and hign speed data acquisi- 


HIGH SPEED 


FEATURES 


e INCLUDES: 


— TRACK/HOLD 
— A/D CONVERTER 
— TIMING CIRCUITS 


e 5 MHz WORD RATE 


e PIN-FOR-PIN, LOW POWER 


MOD 1205 REPLACEMENT 


sion algorithm. The advent of the tion and communications systems. 


BIT 1 
BIT 4 
MSB 
| 
| 
TERMINATION O | 
| 

mare oureuT | irra 

TPUTS 

; Loa REGISTERS OUTPUTS 
ANALOG INPUT © | 
ANALOG GROUND Q 
| 
| 
| 

O BIT 12 


ENCODE 
COMMAND 6. 
INPUT 
ENCODE P 
COMMAND Q 
GROUND 


TIMING & CONTROL 


GROUND ~15V 15V ~5V -6V 


Note 
With pin 30 open. analog input impedance is 400 Onms. with pin 30 grounded. analog impedance is 50 Ohms 


FIGURE 1. ADC-00115 BLOCK DIAGRAM 
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TABLE 1. ADC-00115 SPECIFICATIONS (T/H and A/D) 


Typical values at +25°C case temperature, nominal power supply voltages unless otherwise noted. 


MODEL ADC-00115 
RESOLUTION (FS = FULL SCALE) 12 Bits (0.024% FS) 


ACCURACY (INCLUDING LINEARITY) @ DC 
Monotonicity 

Nonlinearity vs. Temperature 

Gain vs. Temperature 


+0.0125% Full Scale +1/2LSB 
Guaranteed (0 to + 70°C) 
0.0005% of FS/°C, max 
0.002% of FS/°C, typ; 0.005% of FS/°C, max 


DYNAMIC CHARACTERISTICS 
AC Linearity! (dc to 1MHz) 
(1MHz to 2.5MHz) 
Conversion Time 
Conversion Rate (Word Rate) 
Aperture Uncertainty (Jitter) 
Aperture Time 
Signal to Noise Ratio® 
Noise Power Ratio? 
Transient Response* 
Overvoltage Recovery Time? 
Input Bandwidth (small signal, 3dB) 
Input Bandwidth (large signal, 3dB) 


Spurious Signals >70dB below FS, max 
Spurious Signals >65dB below FS, max; >68dB, typ 
See Text and Timing Diagram 

dc to 5MHz min 

+25ps max 

6ns (+3ns from unit to unit) 

64dB min; 66GB, typ 

56dB min, 58cB typ 

12-Bit (0.0125%) Accuracy within 200ns 

200ns 

15MHz min 

10MHz min; flat within +0.1dB, dc through SMHz 


ANALOG INPUT 
Voltage Range 


+2.048V FS 

+4V Absolute max 
4002 with pin 30 open, 502 with pin 30 grounded 
Adjust to 0 with On Board Potentiometer 
0.002% FS/°C, typ; 0.005% of FS/°C, max 


Impedance 
Offset Voltage 
Offset vs. Temperature 


ENCODE COMMAND INPUT 
Logic Levels, TTL Compatible 


"0" = Oto +0.4V 


"1" = +2.4V to +5V 
Logic Loading 1 Standard TTL Gate 
Rise and Fall Times 10ns max 
Duration min/max 20ns min, Encode Command Period — 20ns max 
Frequency (Random or Periodic) dc to 5MHz min 


DIGITAL DATA OUTPUT 
Format 
Logic Levels, TTL Compatible 


12 Parallel Bits, NRZ 
"0" = Oto +0.4V 

"1" = +2.4V to +5V 
Up to 1 Schottky TTL or 


Drive (Not Short Circuit Protected) 


2 Standard TTL Loads 
Time Skew 10ns max 
Coding Offset Binary (OBN) or 2's complement (2SC) 


Pipeline Delay 2 Encode Periods +275nsec (See figure 2) 
POWER REQUIREMENTS 
+15V +5% 

—15V +5% 

—6V +5% 

+5V +5% 

Power Consumption 


TEMPERATURE RANGE 


Operating 0 to +70°C 
Storage —55°C to +85°C 
Cooling Requirements 500 Linear Feet Per Min (LFPM) @ +70°C 


PHYSICAL CHARACTERISTICS 
Construction Single Printed Circuit Card 
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Table 1. Notes: 
AC linearity expressed in terms of spurious in-band signals generated at specified encode rates at analog input frequencies. 


ele 


or op 


Rms signal to rms noise at 5SOOKHz analog input. 

DC to 2.4MHz white noise bandwidth with slot frequency of 512kHz. 

For full-scale step input, attains 12-bit accuracy in time specified. 

Recovers to 12-bit accuracy after 2 X FS input overvoitage in time specified. 
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TABLE 2. ADC-00115 PIN FUNCTIONS 


FUNCTION 


1 ENCODE COMMAND BIT 9 
0 200ns 400ns 600ns go0ns 2 GND” BIT 10 
| | | | | 3 +5V BIT 11 
TN TN-1 TN-2 TN-3 ™N-4 4 GND“ BIT 12 (LSB) 
ENCODE | | | | | | | | | | 5 GND" +15V 
COMMAND 6 —~6V —15V 
7 —6V GND" 
DATA DATA Ty. DATA Tn. DATA Tw. DATAT DATA Tn. IT 1 GND" 
10 BIT 2 +5V 
11 BIT 3 —6V 
12 BIT 4 GND” 
i3 BIT 5 GND* 
Note: . 14 BIT 6 TERMINATION 
Data T, (the result of the encode command N) occurs two conversion 15 BIT7 GND” 
periods plus 275 ns after encode command Ty. For a SMHz word rate 16 BIT 8 ANALOG INPUT 


as shown, data is valid 275 ns after the third encode command pulse or 
Ty, + 675 ns. In all cases, three encode command pulses are required 
for transfer of data to the output, due to the pipeline delay effect through 
the A/D. 


FIGURE 2. ADC-00115 TIMING DIAGRAM 


,-—__. 


5.00 (127) 


54 (115.3) ————- 


At hl il ltd Bg e) 
—__2?2..____— | 


0.167-0.173 DIA 
(4.24-4.39) 
4 PLACES 


0.30 + 0.02 
(7.69 + 0.51) 


“All ground pins are connected together within the ADC-00115. 


0.040 + 0.002 DIA 


(1.016 + 0.05 


) 


ae 


COMPONENT VOLUME 


FIGURE 3. ADC-00115 MECHANICAL OUTLINE 


ORDERING INFORMATION 
ADC-00115 
CONDUCTOR SIDE 
BOTTOM VIEW 
WEIGHT: 5 OZ; 142 G 
Note: Dimensions are in inches (mm). 
B 
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DESCRIPTION 

The ADC-00145 is a 14 bit, 200 nsec 
(5 MHz) track/hold and A/D converter 
hybrid, in 40 pin TDIP or flatpack pack- 
ages, following in the footsteps of the 
industry standard ADC-00300. 


Containing T/H, A/D converter, data 
registers, tri-state output buffers, and 
timing circuits, the ADC-00145 is the 
fastest and smallest digitizer of its kind. 


The ADC-00145 is implemented with a 
2-step A/D conversion algorithm. A 
number of factors contributed to achiev- 
ing the ADC-00145’s technical 
breakthroughs in speed and size. 


REF IN 
(25) 


OFFSET ADJUST 


(28) 
5V RANGE IN 
(23) TH 
10V RANGE IN 
(22) 
20V RANGE IN 
(21) 


ANALOG GND 


(18, 24) od 


PRELIMINARY 


Foremost among them were the high- 
speed T/H, DAC, and the gain 
amplifier. All are DDC proprietary 
designs and single custom monolithics. 
In addition, judicious use of thin-film 
and thick-film hybrid technology 
resulted in minimum layout area. 


With its high speed, small package, and 
wide operating temperature range, the 
ADC-00145 is ideal for the most 
demanding military and industrial data 
conversion applications. Typical of 
these applications are radar and sonar 
digitizing, vibration and FFT analysis, 
medical and nuclear instrumentation, 
and high-speed data-acquisition systems. 


GAIN ADJUST 
(29) 


+7.5 REF OUT 
ie) Dc 

-7.5 REF OUT REF 
(26) 


LATCH a 
REGISTERS 
CORRECT > oe a DATA 
ATC a ENABLE 
DAC 
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14 BIT 5 MHz T/H + A/D HYBRID 
HIGH SPEED, SMALL SIZE 


FEATURES 


® Includes: 
—Track/Hold 
— A/D Converter 
-Tri-State Output Registers 
-Timing Circuits 


® 5 MHz Word Rate 


® Small 40 Pin TDIP Hermetic 
Hybrid 


OUTPUT DATA 
INVERT (33) 


DATA (34) 


DIGITAL 


| GND (36, 15) 


ENCODE 
COMMAND TIMING AND CONTROL se oa aed 
(13) 
MUX ENABLE 
(32) 


FIGURE 1. ADC-00145 BLOCK DIAGRAM 
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ACCURACY 
Lineanty Error 
Linearity Error Tempco 
Diff Linearity Error 
Gain Error!" 

Gain Error Tempco 
Offset Error" Bipolar 
Offset Error!) Unipolar 


DYNAMICS 
Conversion Rate!) 
Harmonics") 


Signal to Noise Ratio'2)(4) 


Input Bandwidth’) 
Small Signal‘®) 
Large Signal’®) 
Flat to 0.25 db 
Aperture Jitter 
Apparent Aperture Delay 
Overvoltage Recovery!” 


DIGITAL INPUTS 
Encode Command®) 
Width 
Rise/Fall Time 
Frequency 
Output Data Invert Loading 
DIGITAL OUTPUTS 
Parallel Data 
Format 
Drive 
Coding 
Data Ready") 
Rise/Fall Time 
Drive 
INTERNAL REFERENCE 


Pos Voltage Output 
Pos Current Output'"®) 
Pos Voltage Tempco 
Neg Voltage Output 
Neg Current Output!"°) 


POWER SUPPLIES 
+15 Volt Supply 
Current Drain 
-15 Volt Supply 
Current Drain 
+5 Volt Supply 
Current Drain 
-5 Volt Supply 
Current Drain 
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TABLE 1. ADC-00145 SPECIFICATIONS (T/H and A/D) 
Typical values at +25°C case temperature and nominal power supply 
voltages. 


LSB 1 typ, 
ppm FSR°C + 1/2 max 
LSB +1 max 
%FSR +0.5 max 
ppm FSR°C 15 max 
%FSR +0.5 max 
%FSR +1.2 max 
opm FSR°C 8 


DC to 5min 
78 min 


MHz 
dB below 
FSR 


75 typ, 


20 typ. 
20 typ. 
DC to 2.5 
10 max 
-5 
5 max 


50 min, 150max 
25 max 
DC to 5min 
50K 


14(tri-state) 
LS Loads 3 
See table 3 


nsec 25 max 
LS Loads 3 


+7.5+0.51% 
+5 
+15 max 
-7.5+1.2% 
+5 
+15 max 


+15+5% 
50 typ, 75 max 
-15+5% 
20 typ, 30 max 
+5+5% 
250 typ, 325 max 
-5+5% 
120 typ, 160 max 
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PARAMETER UNITS VALUES 


2.9 typ, 4.0 max 


POWER DISSIPATION 


TEMPERATURE RANGE 
Operating (Case) 
-3 Option 
Storage 
| PACKAGE 
| Type 
Size 


0 to +70 
-65 to +150 


> 
"6 
hee 


(1) Trimmable to zero with external potentiometer. 

(2) Value specified over operating temperature range. 

(3) For de to 2.5MHz input with 5 MHz encode rate. 

(4) Rms signal to rms noise ratio with 2.3 MHz analog input, within 
0 to -1dB of peak. 

5) 3 dB bandwidth with analog input 40 dB below full scale. 

6) 3 dB bandwidth with full scale analog input. 

7) Recovery to rated accuracy from twice full scale input step. 

8) LOW to HIGH transition initiates encoding. 

9 

1 


40 pin TDIP 
1.2x2.2x0.2 
30.5 x 56.0 x 5.1) 


) LOW to HIGH transition indicates start of valid data interval. 
0) Current load for no performance degradation. 


( 
( 
( 
( 
( 
( 


GENERAL DESCRIPTION 


Figure 1 is a functional block diagram of the ADC-00145 sam- 
pling A/D converter. Its major elements are a track/hold 
amplifier, a 8-bit flash A/D converter, a 8-bit D/A converter, a 
differential amplifier, and a 2-channel multiplexer. The remain- 
ing functions are timing and control circuits, digital buffers and 
registers, and dc voltage references. 


These components implement a 2-step A/D conversion algo- 
rithm, whose operation is quite straight-forward. First, the con- 
version cycle is initiated with the receipt of an Encode 
Command. This causes the timing circuit to place the track/hold 
in the HOLD mode, storing the voltage at its analog input. Then, 
the flash A/D converter generates a coarse encode of the sampled 
voltage. Its 8-bit coarse encode output is stored temporarily in 
the MSB register. At the same time, the coarse 8-bit word is input 
to the DAC, which converts it to an analog voltage. The differ- 
ential amplifier subtracts the voltage representing the coarse 
encode from the sampled input and scales it up to the correct full 
scale range. Next, the flash A/D converter generates a fine 
encode of the scaled difference voltage. The fine encode 8-bit 
word is stored in the LSB register. Finally, the contents of the 
8-bit MSB and LSB registers are combined in the digital error 
correction circuit to yield a 14-bit output word. This 14-bit word 
is stored in the output registers. The encoded digital output is 
available upon application of an Enable signal to the tri-state 
output buffers. 


The entire 2-step conversion can be accomplished in as little as 
200 nsec. Since the ADC-00145 has output storage registers, its 
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digital output is available to the user at all times, except for a 
short interval when it is being updated. A Data Ready output 
signal is provided to indicate when the digital output is valid. 


The ADC-00145 may be configured for any of seven (7) dif- 
ferent input signal ranges by means of jumper wires between 
pins. Three bipolar ranges, two positive unipolar, and two nega- 
tive unipolar input ranges are implemented by using the 2 
internal references, along with precision resistors, to scale and 
offset the input signal. 


The positive and negative internal references are made available 
to the user at output pins. If they are used, care must be taken not 
to load them beyond their rated outputs, or else converter perfor- 
mance will deteriorate. Residual gain and offset errors may be 
trimmed to zero, with the addition of external potentiometers. 


A number of digital output codes are available from the ADC- 
00145(see Table 3). For bipolar analog input signals, the digital 
output data is coded in Inverted Offset Binary or Inverted Two’s 
Complement. Either of these codes is available, since both the 
MSB (Bit 1) and its complement are provided as outputs. For 
either positive unipolar or negative unipolar, the digital output 
code is Inverted Binary. The Output Data Invert pin (pin 34), 
when tied to +5V, inverts all of the above codes. 


Care must be taken when designing with the ADC-00145, to 
achieve its rated performance. This high-speed sampling A/D 
converter generates high-frequency power-supply and ground 
currents. For this reason, it is recommended that decoupling 
capacitors be used on each power supply line and both internal 
references. High-frequency layout considerations should be kept 
in mind when designing a printed circuit board for the ADC- 
00145. Conductor lengths should be kept to a minimum, and a 
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large-area ground-plane should be used to keep ground impedan- 
ces as low as possible. 


TIMING DIAGRAM 


A diagram of typical ADC-00145 timing is shown in figure 2. It 
is to be noted that the diagram shows the Encode Command 
repeating at 200 nsec intervals which corresponds with the 
minimum conversion time. The Encode Command may be 
repeated up to 200 nsec intervals and is independent of internal 
timing. 

A conversion cycle is initiated by the application of a positive 
pulse (25 nsec min) to the Encode Command pin. The rising edge 
of the Encode Command starts the timing cycle. The internal 
track/hold is placed in the HOLD mode and MUX Enable makes 
a LOW to HIGH transition 20 nsec max after the Encode Com- 
mand leading edge. This delay reflects the digital aperture delay 
of the internal track/hold. Relay differential between T/H gate 
and T/H analog delay reflects the apparent aperature. MUX 
Enable remains HIGH for approximately 120 nsec before 
making a transition to LOW. This causes the track/hold to go into 
the TRACK mode. 


At this point the internal flash A/D converter has completed its 
second encode and the track/hold can begin to acquire a new 
analog input. The remaining time in the conversion cycle is 
associated with delays through the digital sections that follow the 
flash A/D converter. Approximately 10 nsec after the HIGH to 
LOW transition of the MUX Enable signal the Data Ready signal 
makes a HIGH to LOW transition. The Data Ready line stays 
LOW for 50 nsec, during which time the output register is 
updated with the new data word. Updating the output data 
register is accomplished during the first 20 nsec of the interval 


0 40 80 120 160 200 240 280 320 360 400 440 480 
| | | | | | | | | | | | | 
~~ 200 nsec min ——————_»| 
; | ; 25 nsec min 
100 nsec max 
ENCODE N N+1 N+ 
T/H GATE , HOLD TRACK J HOLD TRACK HOLD 
—»| — 20 nsec max 
[-~—— 130 nsec —+ 
MUX ENABLE 
| 
| '@— 10 nsec 
i | 
DATA READY 4 SION 
be} — 50 nsec 
DATA OUT DATAWORDN-2VALID 7 DATA WORD N-1 VALID Y¥A DATAWORDN VALID 
—+| ‘e— 20 nsec max 
ENABLE DATA 


DATA OUT TRI-STATE (HIGH IMPEDANCE) 


20 nsec max + eo 


—+| oa 5 nsec min 
20 nsec max 


FIGURE 2. ADC-00145 TIMING DIAGRAM 
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during which the Data Ready line is LOW. Output data is not 
valid during this 20 nsec interval. ADC-00145 data is valid at all 
times that the Data Ready line is HIGH and during the final 
30 nsec of its 50 nsec LOW interval. 


Enable Data, which is active LOW, has a propagation delay of 
10 nsec typ., 20 nsec max to active ADC-00145 data output. The 
LOW to HIGH transition of Enable Data is followed by a 5 nsec 
min, 20 nsec max tri-state propagation delay as illustrated in 
figure 2. The HIGH to LOW transition of the MUX Enable signal 
is passed through a delay chain that eventually generates the 
negative Data Ready pulse. If no additional Encode Commands 
are received, the MUX Enable line will remain Low. The timing 
diagram in figure 2 shows Encode Commands occurring at 200 
nsec intervals. 


MUX ENABLE 


The ADC-00145 provides a Mux Enable signal (pin 32), whose 
rising edge is coincident with the internal HOLD signal (see 
figure 2). This signal can be used to advance the address to a 
multiplexer in time-division multiplexed applications. 


-1/2LSB 1011 1111 1111 11 


-3/4LSB 1107 T0011. F194 11 


a Se W444 4444 4414 11 


Note: 


“All unused input terminals must be connected to Analog Gnd.__ 


INPUT VOLTAGE BIPOLAR POS UNIPOLAR NEG UNIPOLAR | 
Inverted Offset Bina Inverted Bina Inverted Binar : 


| 
| _+FS-118B | 0000 0000 0000.00 —*|| _—0000 con coon 9—s| SCS 
po saars | coor ttt ttn ty Toon ttt ttt 
pot tsB ott ttn tt to ttt ttn tito 
port ttn ttgty | ttt attr atts tn | 0000 0000 0000 00 
J -1tsB_ | 1000 C000 00 00 /_—/ss|_ OC CSC (0000 0000 8100001 


-FS + 1LSB 1111 1111 1111 10 2 ae 14411111 1111 11 
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ANALOG INPUT RANGES 


The ADC-00145 may by configured for any of seven (7) different 
input signal ranges by means of jumper wires between pins. Three 
bipolar, two positive unipolar, and two negative unipolar ranges 
are possible. Table 2, Analog Input Range, lists the jumper 
connection and appropriate analog input terminal to be used for 
each configuration. For each analog input range, the absolute 
maximum input voltage is listed, along with the corresponding 


input impedance. 


OUTPUT CODING 


The ADC-00145 provides a number of digital output data codes. 
For bipolar analog input signals, the digital output data is coded 
in Inverted Offset Binary . For either positive unipolar or negative 
unipolar, the digital output code is Inverted Binary. Table 3, 
Output Coding, lists the output data for various analog inputs for 
each of the code configurations. The Output Data Invert pin (pin 
33), when tied to +5V, inverts all of the above codes. 


TABLE 2. ANALOG INPUT RANGE 
| INPUTIMPEDANCE* | INPUTTERMINAL | JUMPER CONNECTION | 
| | | PIN23 | PINS 21,22,25 TO PIN 24 | 
| PIN22 | PINS 21,23,25 TO PIN 24 _ 


ee 
PINS 21,22 TO PIN 24 

PINS 21,23 TOPIN 24 | 

PINS 21,22 TOPIN 24 | 

oe PIN25TOPIN27, | 

PINS 21,23 TO PIN 24 _| 


O141 1414 1111 11 | 
1100 0000 0000 00 | 


(1)Codes shown for pin 33 (Output Data Invert) open or tied to Ground. When Pin 34 is tied to +5V, all of the above codes are inverted. 
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PARALLEL OUTPUT DATA 


Bit 1 (MSB) through Bit 14 (LSB), plus complement Bit 1, are 
the parallel output data lines provided by the ADC-00145. Each 
signal can drive a minimum of 3 standard TTL loads. Parallel 
Output data is valid during the time that the Data Ready line is 
HIGH. If a strobe signal is required to read the parallel output 
data into a register, the rising edge of the Data Ready signal can 
drive a minimum of 3 standard TTL loads. 


OUTPUT REGISTERS & TRI-STATE BUFFERS 


The ADC-00145 has data output storage registers which hold the 
most recently converted 14-bit word. The data is available at the 
output at all times, except for the initial 30 nsec of the interval 
when the Data Ready line is LOW. The ADC-00145 also has 
tri-state output buffers, for parallel data bus operation. The buffer 
Outputs remain in a high-impedance state until an Enable signal 
is received. The buffers can be made transparent (constantly 
enabled) by holding the Enable signal LOW. Where possible the 
user should avoid digital activity on the tri-stated output during 
the Track to Hold transition. Should this be unavoidable, an 
external tri-state buffer should be used for isolation. 


LAYOUT PRECAUTIONS 


The ADC-00145 high-speed sampling A/D converter generates 
high-frequency power-supply and ground currents, and is sensi- 
tive to coupled signals. High-frequency layout considerations 
must therefore be kept in mind when designing a printed circuit 
board for it. All conductor lengths must be kept to a minimum, 
and a large-area ground-plane must be used to keep ground 
impedances as low as possible. Analog inputs and digital outputs 
must be kept separated from each other to minimize crosstalk. 
Input and output circuits must be kept as close to the A/D 


+15V +15V 
+VREF 


ANALOG 
GND 


ADC-00145 ™ 


-VREF 
-15V 


-15V 
-5V 


+5V +5V 


DIGITAL GND DIGITAL 


= GND 


NOTES: 


1. Analog ground and digital ground pins are to be connected together 


with a single short connection very close to the hybrid package. 
2. C1 is a 10pf or larger tantalum capacitor. 


FIGURE 3. POWER SUPPLY DECOUPLING 
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converter package as possible. Likewise, the three analog ground 
pins must be connected to the digital ground pin as close as 
possible to the hybrid package. 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are required on each power supply and 
both of the internal references to minimize noise. Figure 3 il- 
lustrates the recommended decoupling configuration. Each of the 
lines that is decoupled must have a 10 pF or larger tantalum 
capacitor. All capacitors must be mounted as close as possible to 
the hybrid package. The ADC-00145 has extensive ceramic 
capacitor decoupling internal to the hybrid. 


OFFSET AND GAIN TRIMS 


Gain and offset errors of the ADC-00145 are factory trimmed to 
be less than the values listed in Table 1, Specifications. Both gain 
and offset errors are trimmable to zero, with the use of external 
potentiometers. This affords the user with flexibility for maxi- 
mizing performance for critical applications. Figures 4 and 5 
show the external trim pot circuit required to trim gain and offset 
errors to zero. Multi-turn trim pots, with a temperature coefficient 
of less than 100 ppm/°C, are recommended for best results. If trim 
pots are not used, gain and offset adjust pins must be connected 
to analog ground. 


INTERNAL REFERENCE 


The ADC-00145 contains +7.5V and -7.5V precision internal 
references, which are made available to the user. Care must be 
taken to observe the loading limitations on these references, to 
maintain rated performance. If the external load on either refer- 
ence exceeds 5 mA, gain and linearity errors will increase. 
Damage will result from excessive loading. 


PIN 27 
(+VREF) 


PiN 28 
100KQ (OFFSET ADJUST) 
0.01 yf 
PIN 26 
(-VREF) 


PIN 18, 24 
(ANALOG GND) 


NOTE: 
If offset trim pot is not used, offset adjust (pin 28) 
must be connected to analog ground. 


FIGURE 4. OFFSET TRIM 


PIN 27 


(+VREF) 
100KQ PIN 29 
(GAIN ADJUST) 
0.01pf 
PIN 26 | >, PIN 18, 24 
(-VREF) (ANALOG GND) 
NOTE: 


If gain trim pot is not used, gain adjust (pin 29) 
must be connected to analog ground. 


FIGURE 5. GAIN TRIM 
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TABLE 4. ADC-00145 PIN FUNCTIONS 


BIT 12 
ee 
D 


@ |w |w 
i 
> NID IN |CO 1}O | O 


IT 14 (LSB 

‘BIT 6 =—S—~—“—;é~;SC*dL BC |DIGGNDCCd 

fait §  ~~——_—*|s 35 | DNC (Factory Test Point) _| 
T [34 [ENABLE ss 


10V RANGE 
20V RANGE | 


—_ | —JZ 


pr 2 | 32 | MUX ENABLE 
Bir 1(msa) | 3 VO 
[DATAREADY | 30 | t5V 
[DNC (Factory Test Point) | 29 |GAINADJ 
[ENCODE | 28 |OFFSETADY 
1 
sv 8 RERFIN, 
7 
a [ANAGND | 23 |SVRANGE 
| DNC (Factory Test Point) _| | 
[DNC (Factory Test Point) | 
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ORDERING INFORMATION 


ADC- 00145 -300 


L Reliability: 


0 = Standard DDC procedures 


Operating Temperature Range: 


3= Oto +70°C 
Packaging: 
5 = 40pin TDIP 


Socket: Broadline SS-120-T-2 (or Samtec equivalent) 


2.115 
(53.721) | 


1.100 MAX 
(27.94) 


TOP VIEW 0.010 +0.002 TYP 
0.200 +0.018 MAX (0.254 +0254 +0.051) 
PIN 1 INDEX (5.080 +0.457) 
0928.1 iaiven 


0.040 TYP 


>| {e- (1.016) 


(0.457 +0.051) 


19 EQ. SP. @ 0.100 = 1.900 
TOL NONCUM 
(@2.54 = 48.26) 


SIDE VIEW 
FIGURE 6. ADC-00145 MECHANICAL OUTLINE 40 Pin TDIP 
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NOTES: 

1. Dimensions in inches (mm). 

2. Lead cluster to be centralized within 
+0.010 of outline dimensions. 

3. Pin material meets solderablility requirements 
to MIL-STD-202E, Method 208C. 

4. Pin numbers for reference only. 

5. Not drawn to scale. 
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12 BIT 2 MHz T/H + A/D HYBRID 
HIGH SPEED, SMALL SIZE 


FEATURES 
ADC-00300 e INCLUDES: 
— TRACK/HOLD 
DESCRIPTION among them were the high speed DAC = ile eae (a 
; and the amplifier which follows it. Both ~ 7 
The ADC-00300 is a 12 bit, 500nsec (2 are DDC proprietary designs, and REGISTERS 
MHz) track/hold and A/D converter hy- moreover the DAC is a single custom — TIMING CIRCUITS 


bridin 40 pin TDIP or flatpack packages. 1G In addition, judicious use of thin film 


Containing T/H, A/D converter, datareg- and thick film hybrid technology resulted 
isters, tri-state output buffers, andtiming in minimum layout area. @ 2 MHz WORD RATE 


circuits, the ADC-00300 is the fastest With its high speed, small package and 
and smallest digitizer of its kind. The wide operating temperature range, the © SMALL 40 PIN TDIP & FLATPACK 
ADC-00300 operates over a tempera- ~jnc.99300 is ideal for the most de- 

ture range of —55°C to +125°C ands handing military and industrial data HERMETIC HYBRIDS 

available screened to MIL-STD-883. conversion applications. Typical of 

The ADC-00300 is implemented with a_ these applications are radar and sonar @ —55°C TO +125°C 

2-step A/D conversion algorithm. A_ digitizing, vibration and FFT analysis, OPERATING TEMPERATURE 
number of factors contributed to achiev- medical and nuclear instrumentation, 

ing the ADC-00300's technical break- and high speed data acquisition sys- 

throughs in speed and size. Foremost tems. e MIL-STD-883B SCREENING 


GAIN ADJUST 
OFFSET ADJUST (24) (14) 
- 10V REF OUT 
RANGE OFFSET (25) (26) Be 
10V REF OUT RE 
(27) 
TH 
MUX 


O 
5V RANGE IN 0 7 BIT MSB 
(21) ADC LATCH 
O 
10V RANGE IN 
ERROR 
CORRECT 
20V RANGE IN 
(23) 
ANALOG GND 
(15.16.17) 7 BIT LSB 
LATCH 


ENCODE DATA 
COMMAND TIMING AND CONTROL READY 
(18) (9) 


MUX ENABLE 
(31) 


OUTPUT DATA 
INVERT 
(34) 


REGISTERS 


& 
TRI-STATE eee aw 


BUFFER 


ENABLE 
DATA 
(36) 


DIGITAL 


FIGURE 1. ADC-00300 BLOCK DIAGRAM 


@DDC Custom Monolithics utilized in this product are copyright under the Semiconductor Chip Protection Act. 
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TABLE 1. ADC-00300 SPECIFICATIONS (T/H and A/D) 
Typical values at + 25°C case temperature and nominal 
power supply voltages. 


TABLE 1. ADC-00300 SPECIFICATIONS (T/H and A/D) 
(Cont'd) 
Typical values at + 25°C case temperature and nominal 
power supply voltages. 


PARAMETER UNITS VALUES 


THERMAL RESISTANCE 
BCOUBAL ..4 (Case-Ambient)!"") 15 
Linearity Error +0.012typ, + 0.025 max 
Linearity Error Tempco ppm FSR/°C 2max Be lumetionsCase)™ on 
Diff Linearity Error LSB + 1max TEMPERATURE RANGE 
Gain Error’? %FSR + 0.3 max Operating (Case) 
Gain Error Tempco ppm FSR/°C 40 ~1 Option —55to +125 
Offset Error‘) %FSR +0.5 max ~3 Option Oto +70 
Offset Error Tempco ppm FSR/°C 20 max Storage ° ~65to + 150 
DYNAMICS PACKAGE 

Conversion Rate'?"?? MHz DC to2min Tie 40 pin TDIP 
Harmonics’?! db below FSR 72 typ.68 min and 40 pin flatpack 
Signal to Noise Ratio(24)(13) db 68 typ, 65 min Sie 1.2x2.2x0.2 
Input Bandwidth‘? (30.5 x 56.0 x 5.1) 

Smail Signal'>: 10min 

Large Signal'®: 10min Notes: 

Flat to 0.25db DC to 1 (1) Trimmable to zero with external potentiometer 
Aperture Jitter 50 max 2) Value specified over operating temperature range. 
Aperture Delay 21 typ, 35 max 3) For DC to 500 KHz input with 1.5 MHz encode rate. 

4) RMS signal to RMS noise ratio with 100 KHz analog input. 


Overvoltage Recovery'”’ 5 max 


DIGITALINPUTS 

Encode Command'® 
Width nsec 50 min, Tconv-50 max 
Rise:Fall Time nsec 25 max 
Loading HC Loads 4 
Frequency MHz DC to2min 

Enable Data Loading HC Loads 4 

Output Data Inv. Loading Ohms GENERAL DESCRIPTION 


DIGITAL OUTPUTS Figure 1 is a functional block diagram of the ADC-00300 sampling 
Parallel Data A/D converter. Its major elements are a track/hold amplifier, a 
Format Bits 12 (tri-state) 7-bit flash A/D converter, a 7-bit D/A converter, a differential 
Drive TTL Loads 3 amplifier, and a 2-channel multiplexer. The remaining functions 
Coding See table 3 are timing and control circuits, digital buffers and registers, and 
Data Ready’ DC voltage references. 
Rise/Fall Time nsec 25 max 
Drive TTLLoads 3 


( 
(3) 

(4) 

(5) 3 db bandwidth with analog input 40 db below full scale. 

(6) 3 db bandwidth with full scale analog input. 

(7) Recovery to rated accuracy from twice full scale input step. 

(8) LOW to HIGH transition initiates encoding 

(9) LOW to HIGH transition indicates start of valid data interval. 
(10) Current load for no performance degradation. 

(11) Calculated using Pd = 3.0 W. 

(12) Calculated using temperature of hottest die and Pd = 3.0 W. 
(13) Specified over operating temperature range. 


These components implement a 2-step A/D conversion al- 
gorithm, whose operation is quite straight-forward. First, the con- 
INTERNAL REFERENCE version cycle is initiated with the receipt of an Encode Command. 
Pos Voltage Output +10+0.65% This causes the timing circuit to place the track/hold in the HOLD 
Pos Current Output'’° +2 mode, storing the voltage at its analog input. Then, the flash 
Pos Voltage Tempco = 25 max A/D converter generates a coarse encode of the sampled volt- 
Neg Voltage Output — 10+ 0.5% age. Its 7-bit coarse encode output is stored temporarily in the 
Neg Current Output''° =2 MSB register. At the same time, the coarse 7-bit word is input 
Neg Voltage Tempco = 20 max to the DAC, which converts it to an analog voltage. The differen- 
POWER SUPPLIES tial amplifier subtracts the voltage representing the coarse en- 
+15 Volt Supply +15+5% code from the sampled input, and scales it up to the correct full 
Current Drain 70typ, 85 max scale range. Next, the flash A/D converter generates a fine en- 

~ 15 Volt Supply -15+5% code of the scaled difference voltage. The fine encode 7-bit word 
Current Drain 75 typ. 90 max is stored in the LSB register. Finally, the contents of the 7-bit 

+5 Volt Supply +5 +5% MSB and LSB registers are combined in the digital error correc- 
Current Drain 175 typ, 200max tion circuit to yield a 12-bit output word. This 12-bit word is stored 
PSRR 0.1 in the output registers. The encoded digital output is available 
upon application of an Enable signal to the tri-state output buffers. 
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The entire 2-step conversion can be accomplished in as little as 
500 nsec. Since the ADC-00300 has output storage registers, 
its digital output is available to the user at all times, except for 
a short interval when it is being updated. A Data Ready output 
signal is provided to indicate when the digital output is valid. 


The ADC-00300 may be configured for any of nine (9) different 
input signal ranges by means of jumper wires between pins. 
Three bipolar ranges, two positive unipolar, and two negative 
unipolar input ranges are implemented by using the 2 internal 
references, along with precision resistors, to scale and offset 
the input signal. 


The positive and negative internal references are made available 
to the user at output pins. If they are used, care must be taken 
not to load them beyond their rated outputs, or else converter 
performance will deteriorate. Residual gain and offset errors may 
be trimmed to zero, with the addition of external potentiometers. 


A number of digital output codes are available from the ADC- 
00300 (see Table 3). For bipolar analog input signals, the digital 
output data is coded in Inverted Offset Binary or Inverted Two's 
Complement. Either of these codes is available, since both the 
MSB (Bit 1) and its complement are provided as outputs. For 
either positive unipolar or negative unipolar, the digital output 
code is Inverted Binary. The Output Data Invert pin (pin 34), 
when tied to +5V, inverts all of the above codes. 


Care must be taken when designing with the ADC-00300, to 
achieve its rated performance. This high speed sampling A/D 
converter generates high frequency power supply and ground 
currents. For this reason, it is recommended that decoupling 
capacitors be used on each power supply line and both internal 
references. High frequency layout considerations should be kept 


ADC-00300° and ADC-00302° 


in mind when designing a printed circuit board for the ADC- 
00300. Conductor lengths should be kept to a minimum, and a 
large area ground plane should be used to keep ground impe- 
dances as low as possible. 


TIMING DIAGRAM 


A diagram of typical ADC-00300 timing is shown in figure 2. It 
is to be noted that the diagram shows the Encode Command 
repeating at 500 nsec intervals which corresponds with the 
minimum conversion time. The Encode Command may be re- 
peated at greater than 500 nsec intervals and is independent of 
internal timing. 


A conversion cycle is initiated by the application of a positive 
pulse (SO nsec min) to the Encode Command pin. The rising 
edge of the Encode Command starts the timing cycle. The inter- 
nal track/hold is placed in the HOLD mode and MUX Enable 
makes a LOW to HIGH transition 35 nsec max after the Encode 
Command leading edge. This delay reflects the aperture delay 
of the internal track/hold. MUX Enable remains HIGH for approx- 
imately 240 nsec before making a transiton to LOW. This coin- 
cides with the track/hold going into the Track mode. 


At this point the internal flash A/D converter has completed its 
coarse and fine encode and the track/hold can begin to acquire 
a new analog input. The remaining time in the conversion cycle 
is associated with delays through the digital sections that follow 
the flash A/D converter. Approximately 200 nsec after the HIGH 
to LOW transition of the MUX Enable signal the Data Ready 
signal makes a HIGH to LOW transition. The Data Ready line 
stays LOW for 100 nsec, during which time the output register 
is updated with the new data word. Updating the output data 
register is accomplished during the first 30 nsec of the interval 


0 100 200 300 400 500 


500 nsec min nt 
50 nsec min 
250 nsec max 


ENCODE 


TH GATE 


—| — 35 nsec max 
200 +50 nsoc_—> 


MUX ENABLE 


200 nsec typ—o> 


DATA READY 


600 700 800 900 1000 1100 1200 


100 nsec 
b= 550 nsec max a 
ee — 30 nsec max 


DATA OUT DATA WORD N-1 VALID ¢ DATA WORD N VALID 
DATA NOT VALID 


ENABLE 
DATA 


DareoT TRI-STATE (HIGH IMPEDANCE) 


30 nsec max oo bh 


| 10 nsec min 
30 nsec max 


FIGURE 2. ADC-00300 TIMING DIAGRAM 
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during which the Data Ready line is LOW. Output data is not 
valid during this 30 nsec interval. ADC-00300 data is valid at all 
times that the Data Ready line is HIGH and during the final 70 
nsec of its 100 nsec LOW interval. 


Enable Data, which is active LOW, has a propagation delay of 
15 nsec typ., 30 nsec max to active ADC-00300 data output. 
The LOW to HIGH transition of Enable Data is followed by a 10 
nsec min, 30 nsec max tri-state propagation delay as illustrated 
in figure 2. The HIGH to LOW transition of the MUX Enable 
signal is passed through a delay chain that eventually generates 
the negative Data Ready pulse. If no additional Encode Com- 
mands are received, the MUX Enable line will remain LOW. The 
timing diagram in figure 2shows Encode Commands occurring 
at 500 nsec intervals. Pin 10 must be tied to +5V, enabling 
operation from DC to 2MHz. A potentiometer for clock rate trim 
is not required. 

MUX ENABLE 

The ADC-00300 provides a MUX Enable signal (pin 31), whose 
digital state coincides with the internal HOLD T/H status (see 
figure 2). This signal can be used to advance the address to a 
multiplexer in time-division multiplexed applications. 
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ANALOG INPUT RANGES 


The ADC-00300 may be configured for any of nine (9) different 
input signal ranges by means of jumper wires between pins. 
Three bipolar, three positive unipolar, and three negative unipolar 
ranges are possible. Table 2, Analog Input Range, lists the 
jumper connection and appropriate analog input terminal to be 
used for each configuration. For each analog input range, the 
absolute maximum input voltage is listed, along with the corre- 
sponding input impedance. 


OUTPUT CODING 


The ADC-00300 provides a number of digital output data codes. 
For bipolar analog input signals, the digital output data is coded 
in Inverted Offset Binary or Inverted Two's Complement. Either 
of these codes is available, since both the MSB (Bit 1) and its 
complement are provided as outputs. For either positive unipolar 
or negative unipolar, the digital output code is Inverted Binary. 
Table 3, Output Coding, lists the output data for various analog 
inputs for each of the code configurations. The Output Data 
Invert pin (pin 34), when tied to +5V, inverts all of the above 
codes. 


TABLE 2. ANALOG INPUT RANGE 


INPUT ABSOLUTE INPUT * INPUT JUMPER 
RANGE MAX INPUT IMPEDANCE TERMINAL CONNECTION 


+2.5V 
+5V 


+10V 
Oto +5V 
Oto +10V 
Oto +20V 
Oto-5V 
Oto —10V 
Oto —20V 


*+4.1% at 25°C, +50 ppm/°C 


PIN 16 to PIN 25 
PIN 16 to PIN 25 
PIN 16 to PIN 25 
PIN 25 to PIN 27 
PIN 25 to PIN 27 
PIN 25 to PIN 27 
PIN 25 to PIN 26 
PIN 25 to PIN 26 
PIN 25 to PIN 26 


TABLE 3. OUTPUT CODING”) 


BIPOLAR POS UNIPOLAR 
INPUT 
VOLTAGE Inverted Inverted Inverted 
Offset Binary Two’s Complement Binary 


+FS-iLSB 
+¥4FS 1111 
+VarS 1111 


+1LSB 1111 
0 1111 


—1LSB 
—%eFS 1111 
—YFS 1111 
-FS+1LSB 1111 
—FS 1111 


0000 0000 


0000 0000 


0000 0000 0000 
0011 1111 1111 
0111 1111 1111 
1111 1111 1110 
11171111 «1111 0000 0000 0000 
0000 0000 0001 
0111 1111 1111 
1100 0000 0000 


1141 = 1111 1111 


B1 thruB12 B1, B2 thru B12 


(1) Codes shown for pin 34 (Output Data Invert) open or tied to Ground. When pin 34 is tied to +5V, all of the above codes 


Note: 


are inverted. 
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PARALLEL OUTPUT DATA 


Bit 1 (MSB) through Bit 12 (LSB), plus complement Bit 1, are 
the parallel output data lines provided by the ADC-00300. Each 
signal can drive a minimum of 3 standard TTL loads. Parallel 
output data is valid during the time that the Data Ready line is 
HIGH. If a strobe signal is required to read the parallel output 
data into a register, the rising edge of the Data Ready signal 
can drive a minimum of 3 standard TTL loads. 


OUTPUT REGISTERS & TRI-STATE BUFFERS 


The ADC-00300 has data output storage registers which hold 
the most recently converted 12-bit word. The data is available 
at the output at all times, except for the initial 30 nsec of the 
interval when the Data Ready line is LOW. The ADC-00300 also 
has tri-state output buffers, for parallel data bus operation. The 
buffer outputs remain in a high impedance state until an Enable 
signal is received. The buffers can be made transparent (con- 
stantly enabled) by holding the Enable signal LOW. 


LAYOUT PRECAUTIONS 


The ADC-00300 high speed sampling A/D converter generates 
high frequency power supply and ground currents, and is sensi- 
tive to coupled signals. High frequency layout considerations 
must therefore be kept in mind when designing a printed circuit 
board for it. All conductor lengths must be kept to a minimum, 
and a large area ground plane must be used to keep ground 
impedances as low as possible. Analog inputs and digital outputs 
must be kept separated from each other to minimize crosstalk. 
Input and output circuits must be kept as close to the A/D con- 
verter package as possible. Likewise, the three analog ground 


ANALOG 
GND 


ADC-00300 


—VREF 


. — 
12 
+5V 
+ 
13 
DIGITAL GND 


—15V 


+5V 


DIGITAL GND 


Notes: 
(1) Analog ground and digital ground pins are to be connected together with a 


single short connection very close to the hybrid package. 
(2) C1 is a 10uf or larger tantalum capacitor. 
(3) C2 is a0.01puf ceramic capacitor. 


FIGURE 3. POWER SUPPLY DECOUPLING 
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pins must be connected to the digital ground pin as close as 
possible to the hybrid package. 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are required on each power supply and 
both of the internal references to minimize noise. Figure 3 illus- 
trates the recommended decoupling configuration. Each of the 
lines that is decoupled rnust have a 10 uF or larger tantalum 
capacitor in parallel with a 0.01 uF ceramic capacitor. All 
Capacitors must be mounted as close as possible to the hybrid 
package. 


OFFSET AND GAIN TRIMS 


Gain and offset errors of the ADC-00300 are factory trimmed to 
be less than the values listed in Table 1, Specifications. Both 
gain and offset errors are trimmable to zero, with the use of 
external potentiometers. This affords the user with flexibility for 
maximizing performance for critical applications. Figures 4 and 
5 show the external trim pot circuit required to trim gain and 
offset errors to zero. Multi-turn trimpots, with temperature coef- 
ficient of less than 100 ppm/°C, are recommended for best re- 
sults. If trim pots are not used, gain and offset adjust pins must 
be connected to analog ground. 


INTERNAL REFERENCE 


The ADC-00300 contains +10V and —10V precision internal 
references, which are made available to the user. Care must be 
taken to observe the loading limitations on these references, to 
maintain rated performance. If the external load on either refer- 
ence exceeds 2 mA, gain and linearity errors will increase. Dam- 
age will result from excessive loading. 


PIN 24 


100K (OFFSET ADJUST) 
.01 pf 
PIN 27 | O PIN 16 
(—Vrer) (ANALOG GND) 
Note: 


If offset trim pot is not used, offset adjust (pin 24) must be connected 
to analog ground (pin 16). 


FIGURE 4. OFFSET TRIM 


PIN 14 
(GAIN ADJUST) 
.01 uf 
PIN 27 | 0 PIN 16 
(—Vrer) (ANALOG GND) 
Note: 


If gain trim pot is not used, gain adjust (pin 14) must be connected 
to analog ground (pin 16). 


FIGURE 5. GAIN TRIM 
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TABLE 4. ADC-00300 AND ADC-00302 PIN FUNCTIONS 


FUNCTION Ea FUNCTION 


jana SSS~* (as [Range eet 
jaxiwse)—~i| ae | 15vSupy 
DataReaey | 29 [15vSupy 
an 121158) 

a [NCFacor Textron | 99 [ero 
ING(FacioyTestPoin) | «0 [ato 


ternal jumper to pin 12. 


—_ 


—_ 


—_ 


= /{— 
Goin 


¥ 


uy 


ORDERING INFORMATION 


ADC-00300-302 


Reliability Grade 
0 = Standard DDC Processing 
1 = Fully compliant with MIL-STD-883 
2 = Screened to MIL-STD-883 but 
without QCI testing. 


Operating Temperature Range (case): 
1 = =§5°C to +1725°C 
3 = 0°C to +70°C 
Packaging: 
0 = 40 pin TDIP 
2 = 40 pin flatpack 


Socket: Broadline SS-120-T-2 (or Samtec equivalent) 
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0.200 MAX 


ADC-00300 
40 Pin TDIP 1.20 MAX (5. vanes 
- (30.5) —| 
0.200 MIN. 


(5.1) 


a 
oO 
-ODDDDDDD AODDDDD OO OOO 


il ON OM OM OM OM CM OMOM CM om oxoMoMomomokomomo) 


| 0.90 | 
PIN NO. 1 (23) 0.018+0.002 


CONTRASTING (0.45+0.005) 
COLOR BEAD DIA. TYP 
BOTTOM VIEW SIDE VIEW 


Notes: 

(1) Dimensions in inches (mm). 

(2) Lead identification numbers are for reference only. 

(3) Lead spacing dimensions apply only at seating plane (TDIPs only). 

(4) Lead cluster to be centralized within +0.01 of outline dimension. 

(5) Pin material meets solderability requirements of MIL- STD-202E, 
Method 208C. 


ADC-00302 0.400 MIN 


40 Pin Flatpack (TYP) 
1.200 MAX 
| (30.5) | a | oy 
1 : 


PIN 1 DENOTED BY 
| CONTRASTING 
COLORED BEAD : 
as 19EQ. SP. 
=== 0.100 = 1.900 
(TOL NONCUM) 
(2.54 = 46) 


PIN NUMBERS ARE 
=| FOR REF. ONLY 


0.015 + 0.003 (TYP) 


TOP VIEW 


0.200 MAX (0.38 + 0.076) 
-} (5.1) 
0.07 SIDE VIEW f 
(1.8) 0.010 + 0.002 (TYP) 
(0.254 + 0.051) 


FIGURE 7. MECHANICAL OUTLINES 
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ADC-00305Il 


DESCRIPTION 
The ADC-00305II is a 12 bit, 500 nsec 
(2 MHz) track/hold and A/D converter 
hybrid packaged in a 40 pin TDIP, fol- 
lowing in the footsteps of the industry 
standard ADC-00300 and ADC-00305. 


Containing T/H, A/D converter, data 
registers, tri-state output buffers, and 
timing circuits, the ADC-00305II is a 
fast and small full-function digitizer. 
The ADC-00305II operates over a 
temperature range of 0°C to +70°C and 
is ideal for low-cost industrial applica- 
tions. 


The ADC-00305II is implemented with 
a 2-step A/D conversion algorithm. A 
number of factors contributed to achiev- 
ing the ADC-00305II’s technical 


12 BIT 2 MHz T/H + A/D HYBRID 
HIGH SPEED, SMALL SIZE, LOW COST 


mPROVED 


breakthroughs in speed and size. 
Foremost among them were the high- 
speed T/H, DAC, and the gain 
amplifier. All are DDC proprietary 
designs and single custom monolithics. 
In addition, judicious use of thin-film 
and thick-film hybrid technology 
resulted in minimum layout area and 
power consumption. 


With its high speed, small package, and 
wide operating temperature range, the 


ADC-00305II is ideal for the most 


demanding commercial data conversion 
applications. Typical of these applica- 
tions are radar, IR, and NMR digitizing; 
vibration and FFT analysis; medical and 
scientific instrumentation; and high- 
speed data-acquisition systems. 


FEATURES 


Includes: 


~Track/Hold 

-A/D Converter 

—Tri-state Output Registers 
-Timing Circuits 


2 MHz Word Rate 


Pin-for-pin Enhanced Revision to 
the ADC-00305 


Low Power 
Small 40 Pin TDIP Hermetic Hybrid 


Low Cost 


OFFSET ADJUST (24) 


RANGE OFFSET (25) 


5V RANGE IN 
(21) 
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(22) 
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FIGURE 1. ADC-00305I1 BLOCK DIAGRAM 
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TABLE 1. ADC-00305!I SPECIFICATIONS (T/H and A/D) 


Typical values at +25°C case temperature and nominal power supply 


voltages. 


PARAMETER | UNITS | VALUES 


RESOLUTION 
ACCURACY 
Linearity Error 
Linearity Error Tempco 
Diff Linearity Error 
Gain Error”) 
Gain Error Tempco 
Offset Error!”) 
Offset Error Tempco 
DYNAMICS 
Conversion Rate 
Harmonics) 
Signal to Noise Ratio'*(4) 
Input Bandwidth'@) 
Small Signal’) 
Large Signal 
Flat to 0.25 dB 
Aperture Jitter 
Aperture Delay 
Overvoltage Recove 


(2) 


DIGITAL INPUTS 
Encode Command ®) 
Width 
Rise/Fall Time 
Frequency 
Output Data Invert Loading 
DIGITAL OUTPUTS 
Parallel Data 
Format 
Drive 
Coding 
Data Ready?) 
Rise/Fall Time 
Drive 
INTERNAL REFERENCE 
Pos Voltage Output 
Pos Current Output!"0) 
Pos Voltage Tempco 
Neg Voltage Output 
Neg Current Output! 


POWER SUPPLIES 
+15 Volt Supply 
Current Drain 
-15 Volt Supply 
Current Drain 
+5 Volt Supply 
Current Drain 
-5 Volt Supply 
Current Drain 
PSRR 


A-34 


%FSR 
ppm FSR*°C 2 max 
LSB +1 max 
%FSR +0.5 max 
ppm FSR°C 40 
%FSR +0.5 max 
ppm FSR/°C 20 max 


MHz de to 2 min 
dB below FSR 72 typ, 68 min 
68 typ, 65 min 


10 min 
10 min 
de to 1 
25 max 
25 max 
5 max 


12(tri-state) 
TTL Loads 3 
See table 3 


nsec 25 max 
TTL Loads 3 


+10+0.65% 
+2 
+25 max 
-10+0.3% 
+2 
+20 max 


+15+5% 

40 typ, 60 max 
-15+5% 

55 typ, 70 max 
+5+5% 

175 typ, 220 max 

+5+10% 

40 typ, 50 max 

0.1 


+0.012 typ, +0.025 max 
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TABLE 1. ADC-0030511 SPECIFICATIONS (T/H and A/D) (continued 
PARAMETER UNITS VALUES 
POWER DISSIPATION |W | __25typ,3.5max_| 


TEMPERATURE RANGE 
0 to +70 


Operating (Case oC 
PACKAGE 
Type 40 pin TDIP 
Size i 1.3 x 2.2 x 0.25 
33 x 56.0 x 6.4 


Notes: 

(1) Trimmable to zero with extemal potentiometer. 

(2) Value specified over operating temperature range. 

(3) For de to 1MHz input with 2 MHz encode rate. 

(4) Rms signal to rms noise ratio with 200 kHz analog input. 
(5) 3 dB bandwidth with analog input 40 dB below full scale. 
(6) 3 dB bandwidth with full scale analog input. 

(7) Recovery to rated accuracy from twice full scale input step. 
(8) LOW to HIGH transition initiates encoding. 

(9) LOW to HIGH transition indicates start of valid data interval. 
(10) Current load for no performance degradation. 


GENERAL DESCRIPTION 


Figure 1 is a functional block diagram of the ADC-00305II 
sampling A/D converter following in the footsteps of the in- 
dustry standard ADC-00300. Its major elements are a track/hold 
amplifier, a 7-bit flash A/D converter, a 7-bit D/A converter, a 
differential amplifier, and a 2-channel multiplexer. The remain- 
ing functions are timing and control circuits, digital buffers and 
registers, and dc voltage references. 


These components implement a 2-step A/D conversion algo- 
rithm, whose operation is quite straight-forward. First, the con- 
version cycle is initiated with the receipt of an Encode 
Command. This causes the timing circuit to place the track/hold 
in the HOLD mode, storing the voltage at its analog input. Then, 
the flash A/D converter generates a coarse encode of the sampled 
voltage. Its 7-bit coarse encode output is stored temporarily in 
the MSB register. At the same time, the coarse 7-bit word is input 
to the DAC, which converts it to an analog voltage. The differ- 
ential amplifier subtracts the voltage representing the coarse 
encode from the sampled input and scales it up to the correct full 
scale range. Next, the flash A/D converter generates a fine 
encode of the scaled difference voltage. The fine encode 7-bit 
word is stored in the LSB register. Finally, the contents of the 
7-bit MSB and LSB registers are combined in the digital error 
correction circuit to yield a 12-bit output word. This 12-bit word 
is stored in the output registers. The encoded digital output is 
available upon application of an Enable signal to the tri-state 
Output buffers. 
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The entire 2-step conversion can be accomplished in as little as 
250 nsec. Since the ADC-0030SII has output storage registers, 
its digital output is available to the user at all times, except for a 
short interval when it is being updated. A Data Ready output 
signal is provided to indicate when the digital output is valid. 


The ADC-00305II may be configured for any of six (6) different 
input signal ranges by means of jumper wires between pins. Two 
bipolar ranges, two positive unipolar, and two negative unipolar 
input ranges are implemented by using the 2 internal references, 
along with precision resistors, to scale and offset the input signal. 


The positive and negative internal references are made available 
to the user at output pins. If they are used, care must be taken not 
to load them beyond their rated outputs, or else converter perfor- 
mance will deteriorate. Residual gain and offset errors may be 
trimmed to zero, with the addition of external potentiometers. 


A number of digital output codes are available from the ADC- 
00305II (see Table 3). For bipolar analog input signals, the 
digital output data is coded in Inverted Offset Binary or Inverted 
Two’s Complement. Either of these codes is available, since both 
the MSB (Bit 1) and its complement are provided as outputs. For 
either positive unipolar or negative unipolar, the digital output 
code is Inverted Binary. The Output Data Invert pin (pin 34), 
when tied to +5V, inverts all of the above codes. 


Care must be taken when designing with the ADC-00305II, to 
achieve its rated performance. This high-speed sampling A/D 
converter generates high-frequency power-supply and ground 
currents. For this reason, it is recommended that decoupling 
capacitors be used on each power supply line and both internal 
references. High-frequency layout considerations should be kept 


ADC-00305II 


in mind when designing a printed circuit board for the ADC- 
00305II. Conductor lengths should be kept to a minimum, and a 
large-area ground-plane should be used to keep ground impedan- 
ces as low as possible. 


TIMING DIAGRAM 


A diagram of typical ADC-0030SII timing is shown in figure 2. 
It is to be noted that the diagram shows the Encode Command 
repeating at 500 nsec intervals, which corresponds with the 
minimum conversion time. The Encode Command may be 
repeated at intervals = 500 nsec and is independent of internal 
timing. 

A conversion cycle is initiated by the application of a positive 
pulse (50 nsec min) to the Encode Command pin. The rising edge 
of the Encode Command starts the timing cycle. The internal 
track/hold is placed in the HOLD mode and MUX Enable makes 
a LOW to HIGH transition 25 nsec max after the Encode Com- 
mand leading edge. This delay reflects the aperture delay of the 
internal track/hold. MUX Enable remains HIGH for ap- 
proximately 160 nsec before making a transition to LOW. This 
coincides with the track/hold going into the TRACK mode. 


At this point the internal flash A/D converter has completed its 
second encode and the track/hold can begin to acquire a new 
analog input. The remaining time in the conversion cycle is 
associated with delays through the digital sections that follow the 
flash A/D converter. Approximately 100 nsec after the HIGH to 
LOW transition of the MUX Enable signal the Data Ready signal 
makes a HIGH to LOW transition. The Data Ready line stays 
LOW for 100 nsec, during which time the output register is 
updated with the new data word. Updating the output data 
register is accomplished during the first 30 nsec of the interval 


0 100 200 300 400 500 600 700 800 900 1000 1100 1200 


500 nsec min wel 
P 50 nsec min 
(Tconv - 50) nsec max 


ENCODE 


—| ~~— 35 nsec max 
}~~—— 240 nsec 


MUX ENABLE 


DATA READY 


fi cee 550 nsec max 
100 nsec ~~— 


— —— 30 nsec max 


DATA OUT DATA WORD N-1 VALID i DATA WORD N VALID 
DATA NOT VALID 
ENABLE a Ta aie 
DATA 
— —— 30 nsec max 

Enns TRI-STATE (HIGH IMPEDANCE) { active | 

10 nsec min 

30 nsec max 
FIGURE 2. ADC-00305II TIMING DIAGRAM 
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during which the Data Ready line is LOW. Output data is not 
valid during this 30 nsec interval. ADC-0030SII data is valid at 
all times that the Data Ready line is HIGH and during the final 
70 nsec of its 100 nsec LOW interval. 


Enable Data, which is active LOW, has a propagation delay of 
15 nsec typ., 30 nsec max to active ADC-00305II data output. 
The LOW to HIGH transition of Enable Data is followed by a 10 
nsec min, 30 nsec max tri-state propagation delay as illustrated 
in figure 2. The HIGH to LOW transition of the MUX Enable 
signal is passed through a delay chain that eventually generates 
the negative Data Ready pulse. If no additional Encode Com- 
mands are received, the MUX Enable line will remain Low. The 
timing diagram in figure 2 shows Encode Commands occurring 
at 500 nsec intervals. Pin 10 must be tied to +SV, enabling 
operation from dc to 2 MHz. 


MUX ENABLE 

The ADC-00305II provides a Mux Enable signal (pin 31), whose 
digital state is coincident with the internal T/H status (see fig- 
ure 2). This signal can be used to advance the address to a 
multiplexer in time-division multiplexed applications. 
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ANALOG INPUT RANGES 


The ADC-00305II may by configured for any of six (6) different 
input signal ranges by means of jumper wires between pins. Two 
bipolar, two positive unipolar, and two negative unipolar ranges 
are possible. Table 2, Analog Input Range, lists the jumper 
connection and appropriate analog input terminal to be used for 
each configuration. For each analog input range, the absolute 
maximum input voltage is listed, along with the corresponding 


input impedance. 


OUTPUT CODING 


The ADC-00305II provides anumber of digital output data codes. 
For bipolar analog input signals, the digital output data is coded 
in Inverted Offset Binary or Inverted Two’s Complement. Either 
of these codes is available, since both the MSB (Bit 1) and its 
complement are provided as outputs. For either positive unipolar 
Or negative unipolar, the digital output code is Inverted Binary. 
Table 3, Output Coding, lists the output data for various analog 
inputs for each of the code configurations. The Output Data Invert 
pin (pin 34), when tied to +5V, inverts all of the above codes. 


TABLE 2. ANALOG INPUT RANGE 


ABSOLUTE 


MAX INPUT 


INPUT INPUT JUMPER 
IMPEDANCE TERMINAL CONNECTION 


=2 5V 

+5V 
Oto +5V 
Oto +10V 
Oto —-5V 
Oto —10V 


Note: (1) + 1.1% at 25°C, + 50ppm/C 


PIN 16 to PIN 25 
PIN 16 to PIN 25 
PIN 25 to PIN 27 
PIN 25 to PIN 27 
PIN 25 to PIN 26 
PIN 25 to PIN 26 


TABLE 3. OUTPUT CODING “"? 


BIPOLAR 


INPUT 


Offset Binary 


0000 0000 
0001 1111 
0011 1111 
0111 1111 
1111 
0000 
1111 
ee 
14091 
11114 


+FS—-1LSB 

+¥% FS 1111 
1111 
1111 


1111 


+¥%eFS 
+1LSB 
0 0111 


—1LSB 
—-YFEFS 
-Y%FS 
—FS+1LSB 
—FS 


1000 
1011 
1101 
1111 
1111 


1111 
1111 
1114 
1111 


1111 
1111 
1110 
1111 


0000 0000 


1111 
1111 
1110 
1114 


POS UNIPOLAR NEG UNIPOLAR 


inverted inverted Inverted 
Two’s Complement Binary Binary 


0000 0000 


0000 0000 
1111 1111 
1111 1111 
1111 1110 
1111 1111 0000 0000 0000 
0000 0000 0001 
Olt 2008 214 
1100 0000 0000 


1111 = 1191 1111 


B1 thru B12 B1, B2 thru B12 


(1)Codes shown for pin 34 (Output Data Invert) open or tied to Ground. When Pin 34 is tied to +5V, all of the above codes are inverted. 


Note: 


A-36 


D[o[c 


ILC DATA DEVICE 
CORPORATION 


PARALLEL OUTPUT DATA 


Bit 1 (MSB) through Bit 12 (LSB), plus complement Bit 1, are 
the parallel output data lines provided by the ADC-00305II. Each 
signal can drive a minimum of 3 standard TTL loads. Parallel 
Output data is valid during the time that the Data Ready line is 
HIGH. If a strobe signal is required to read the parallel output 
data into a register, the rising edge of the Data Ready signal can 
drive a minimum of 3 standard TTL loads. 


OUTPUT REGISTERS & TRI-STATE BUFFERS 


The ADC-00305II has data output storage registers which hold 
the most recently converted 12-bit word. The data is available at 
the output at all times, except for the initial 30 nsec of the interval 
when the Data Ready line is LOW. The ADC-00305II also has 
tri-state output buffers, for parallel data bus operation. The buffer 
Outputs remain in a high-impedance state until an Enable signal 
is received. The buffers can be made transparent (constantly 
enabled) by holding the Enable signal LOW. Where possible the 
user should avoid digital activity on the tri-stated output during 
the Track to Hold transition. Should this be unavoidable, an 
external tri-state buffer should be used for isolation. 


LAYOUT PRECAUTIONS 


The ADC-0030SII high-speed sampling A/D converter generates 
high-frequency power-supply and ground currents, and is sensi- 
tive to coupled signals. High-frequency layout considerations 
must therefore be kept in mind when designing a printed circuit 
board for it. All conductor lengths must be kept to a. minimum, 
and a large-area ground-plane must be used to keep ground 
impedances as low as possible. Analog inputs and digital outputs 
must be kept separated from each other to minimize crosstalk. 
Input and output circuits must be kept as close to the A/D 


ANALOG GND 
GND 
ADC-00305 II Cl C2 C1 C2 


—VREF 


—15V —15V 


2 
DIGITAL GND 


5 NOTE 1 
12 
+5V 
+ 
C1 C 
13 


DIGITAL GND 


C1 C2 


23 
= 


Notes: 
(1) Analog ground and digital ground pins are to be connected together with a 


single short connection very close to the hybrid package 
2) C1 is a 10uf or larger tantalum capacitor. 
(3) C2 is a0. O1pf ceramic capacitor. 


— 


FIGURE 3. POWER SUPPLY DECOUPLING 
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converter package as possible. Likewise, the three analog ground 
pins must be connected to the digital ground pin as close as 
possible to the hybrid package. 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are required on each power supply and 
both of the internal references to minimize noise. Figure 3 il- 
lustrates the recommended decoupling configuration. Each of the 
lines that is decoupled must have a 10 pF or larger tantalum 
capacitor in parallel with a 0.01 uF ceramic capacitor. All cap- 
acitors must be mounted as close as possible to the hybrid 
package. 


OFFSET AND GAIN TRIMS 


Gain and offset errors of the ADC-00305II are factory trimmed 
to be less than the values listed in Table 1, Specifications. Both 
gain and offset errors are trimmable to zero, with the use of 
external potentiometers. This affords the user with flexibility for 
maximizing performance for critical applications. Figures 4 and 
5 show the external trim pot circuit required to trim gain and 
offset errors to zero. Multi-turn trim pots, with a temperature 
coefficient of less than 100 ppm/°C, are recommended for best 
results. If trim pots are not used, gain and offset adjust pins must 
be connected to analog ground. 


INTERNAL REFERENCE 


The ADC-00305II contains +10V and -10V precision internal 
references, which are made available to the user. Care must be 
taken to observe the loading limitations on these references, to 
maintain rated performance. If the external load on either refer- 
ence exceeds 2 mA, gain and linearity errors will increase. 
Damage will result from excessive loading. 


PIN 24 


100KQ (OFFSET ADJUST) 
01 uf 
PIN 27 | 5 PIN 16 
(—Vrer) (ANALOG GND) 
Note: 


If offset trim pot is not used, offset adjust (pin 24) must be connected 
to analog ground (pin 16). 


FIGURE 4. OFFSET TRIM 


PIN14 
(GAIN ADJUST) 
01 yf 
PIN 27 | 5 PIN 16 
(—Vrer) (ANALOG GND) 
Note: 


If gain trim pot is not used, gain adjust (pin 14) must be connected 
to analog ground (pin 16). 


FIGURE 5. GAIN TRIM 
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TABLE 4. ADC-00305Ii PIN FUNCTIONS 


w w 
= 


FUNCTION 


Bits V Range In 

OV Rangeln 
—5V Supply 

Offset Adjust 
Range Offset 
+ 10V Ref Out 
— 10V Ref Out 
— 15V Supply 


+ 15V Supply 


a 
Bit 1 (MSB) 
Data Ready 


C (Factory Test Point) 
MUX Enable 

NC (Factory Test Point) 
C (Factory Test Point) 


+ 5V Input * 
NC (Factory Test Point) 
+5 V Supply 


31 


—_ 


13 | Digital Ground 


Ww 


4 utput Data Invert 
it 1 (MSB) 
nable Data 


it 12 (LSB) 


nalog Ground 


> @ 
- 
“ 


Ww 


> 
Ww 
m 


nalog Ground 
37 


“I 
ies) 


nalog Ground 


i 


ncode Command 
NC (Factory Test Point) 


NC (Factory Test Point) 40 


*Extemal jumper to pin 12. 


2.210 MAX 
(56.134) | 


1 


1.300 MAX 
(33.02) 
TOP VIEW 
0.200 +0.018 MAX 
PIN 1 INDEX (5.080 +0.457) 
0.025 TYP 
(0.635) = 


0.125 MIN 
(3.175) 


0.040 TYP 


0.018+0.002 
+ (0.457 +0.051) >| fo (1.016) 
0.100 TYP 
(2.54) 


19 EQ. SP. @ 0.100 = 1.900 
TOL NONCUM 
(@2.54 = 48.26) 


SIDE VIEW 
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ORDERING INFORMATION 


ADC- 00305II 


Consult factory for ADC-00305-605 evaluation card. 
Socket: Broadline SS-120-T-2 (or Samtec equivalent) 


0.010 +0.002 TYP 
(0.254 +0254 +0.051) 


SIDE VIEW 


NOTES: 

1. Dimensions in inches (mm). 

2. Lead cluster to be centralized within 
+0.010 of outline dimensions. 

3. Pin material meets solderablility requirements 
to MIL-STD-202E, Method 208C. 

4. Pin numbers for reference only. 

5. Not drawn to scale. 


FIGURE 6. ADC-003051] MECHANICAL OUTLINE 
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DESCRIPTION 


The ADC-00310 is a 12 bit, 200 nsec (5 
MHz) track/hold and A/D converter 
hybrid packaged in a 40 pin TDIP, fol- 
lowing in the footsteps of the industry 
standard ADC-00300 and ADC-00305. 


Containing T/H, A/D converter, data 
registers, tri-state output buffers, and 
timing circuits, the ADC-00310 is the 
fastest and smallest digitizer of its kind. 
The ADC-00310 operates over a 
temperature range of 0°C to +70°C and 
is ideal for low-cost industrial applica- 
tions. 


The ADC-00310 is implemented with a 
2-step A/D conversion algorithm. A 
number of factors contributed to achiev- 
ing the ADC-00310’s technical 


OFFSET ADJUST (24) 


RANGE OFFSET (25) 


5V RANGE IN 
(21) 


10V RANGE IN 
(22) 


ANALOG GND 


(15.16.17) 


ENCODE 
COMMAND 
(18) 


FIGURE 1. ADC-00310 


ADC-00310 


12 BIT 5 MHz T/H + A/D HYBRID 


breakthroughs in speed and size. 
Foremost among them were the high- 
speed T/H, DAC, and the gain 
amplifier. All are DDC proprietary 
designs and single custom monolithics. 
In addition, judicious use of thin film 
and thick film hybrid technology 
resulted in minimum layout area. 


With its high speed, small package, and 
wide operating temperature range, the 
ADC-00310 is ideal for the most 
demanding commercial data conversion 
applications. Typical of these applica- 
tions are radar, IR, and NMR digitizing; 
vibration and FFT analysis; medical and 
scientific instrumentation; and high- 
speed data-acquisition systems. 


GAIN ADJUST 
(14) 

+ 10V REF OUT 
(26) 


~ 10V REF OUT 
(27) 


TIMING AND CONTROL 


HIGH SPEED, SMALL SIZE, LOW COST 


FEATURES 


INCLUDES: 
—TRACK/HOLD 
—A/D CONVERTER 
—TRI-STATE OUTPUT REGISTERS 
—TIMING CIRCUITS 


5 MHz WORD RATE 


PIN-FOR-PIN ADC-00305 


SMALL 40 PIN TDIP HERMETIC 
HYBRID 


LOW COST 


OUTPUT DATA 
INVERT 
(34) 


DIG 
ERROR 
CORRECT 
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DATA 
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TABLE 1. ADC-00310 SPECIFICATIONS (T/H and A/D) 
Typical values at +25°C case temperature and nominal power supply 


PARAMETER | UNITS | VALUES 


RESOLUTION 
ACCURACY 
Linearity Error 
Linearity Error Tempco 
Diff Linearity Error 
Gain Error”) 
Gain Error Tempco 
Offset Error”) 
Offset Error Tempco 
DYNAMICS 
Conversion Rate) 
Harmonics") 
Signal to Noise Ratio')(4) 
Input Bandwidth?) 
Small Signal) 
Large Signal) 
Flat to 0.25 db 
Aperture Jitter 
Aperture Delay 
Overvoltage Recovery!” 


ANALOG INPUT Po See table 2 


DIGITAL INPUTS 
Encode Command®) 
Width 
Rise/Fall Time 
Frequency 
Output Data Invert Loading 
DIGITAL OUTPUTS 
Parallel Data 
Format 
Drive 
Coding 
Data Ready) 
Rise/Fall Time 
Drive 
INTERNAL REFERENCE 
Pos Voltage Output 
Pos Current Output!" 
Pos Voltage Tempco 
Neg Voltage Output 
Neg Current Output!" 
Neg Voltage Tempco 
POWER SUPPLIES 
+15 Volt Supply 
Current Drain 
-15 Volt Supply 
Current Drain 
+5 Volt Supply 
Current Drain 
-5 Volt Supply 
Current Drain 
PSRR 


A-40 


voltages. 


Bits 


%FSR 
ppm FSR°C 
LSB 
%FSR 
ppm FSR/°C 
%FSR 
ppm FSRAC 


MHz 
db below FSR 


TTL Loads 


nsec 
TTL Loads 


0.012 typ, +0.025 max 
2 max 
+1 max 
+0.3 max 
40 
+0.5 max 
20 max 


DC to 5 min 
72 typ, 68 min 
68 typ, 65 min 


10 min 
10 min 
DC to 1 
25 max 
25 max 
5 max 


50 min, 150max 
25 max 
DC to 4min 
50K 


12(tri-state) 
3 
See table 3 


25 max 
3 


+10+0.65% 
+2 
+25 max 
-10+0.3% 
+2 
+20 max 


+15+5% 
55 typ, 75 max 
-154+5% 
15 typ, 25 max 
+5+5% 
165 typ, 200 max 
+5+10% 
85 typ, 130 max 
0.1 


ADC-00310 


| 


TABLE 1. ADC-00310 SPECIFICATIONS (T/H and A/D) _(continued)| 


PARAMETER | UNITS | VALUES | 
POWER DISSIPATION |W | 23 typ, 3.4max__| 


es Pew to +70 ; 


| TEMPERATURE RANGE 

| Operating (Case 

| PACKAGE 

| Type 40 pin TDIP 
Size i 1.3x 2.2 x 0.25 

33 x 56.0 x 6.4 

Notes: 

(1) Tnmmable to zero with extemal potentiometer. 

(2) Value specified over operating temperature range. 

(3) For DC to 1MHz input with 5 MHz encode rate. 

(4) RMS signal to RMS noise ratio with 200 kHz analog input. 

(5) 3 db bandwidth with analog input 40 db below full scale. 

(6) 3 db bandwidth with full scale analog input. 

(7) Recovery to rated accuracy from twice full scale input step. 

(8) LOW to HIGH transition initiates encoding. 

(9) LOW to HIGH transition indicates start of valid data intervai. 

(10) Current load for no performance degradation. 


GENERAL DESCRIPTION 


Figure 1 is a functional block diagram of the ADC-00310 sam- 
pling A/D converter following in the footsteps of the industry 
standard ADC-00305. Its major elements are a track/hold 
amplifier, a 7-bit flash A/D converter, a 7-bit D/A converter, a 
differential amplifier, and a 2-channel multiplexer. The remain- 
ing functions are timing and control circuits, digital buffers and 
registers, and DC voltage references. 


These components implement a 2-step A/D conversion algo- 
rithm, whose operation is quite straight-forward. First, the con- 
version cycle is initiated with the receipt of an Encode 
Command. This causes the timing circuit to place the track/hold 
in the HOLD mode, storing the voltage at its analog input. Then, 
the flash A/D converter generates a coarse encode of the sampled 
voltage. Its 7-bit coarse encode output is stored temporarily in 
the MSB register. At the same time, the coarse 7-bit word is input 
to the DAC, which converts it to an analog voltage. The differ- 
ential amplifier subtracts the voltage representing the coarse 
encode from the sampled input and scales it up to the correct full 
scale range. Next, the flash A/D converter generates a fine 
encode of the scaled difference voltage. The fine encode 7-bit 
word is stored in the LSB register. Finally, the contents of the 
7-bit MSB and LSB registers are combined in the digital error 
correction Circuit to yield a 12-bit output word. This 12-bit word 
is stored in the output registers. The encoded digital output is 
available upon application of an Enable signal to the tri-state 
output buffers. 
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The entire 2-step conversion can be accomplished in as little as 
250 nsec. Since the ADC-00310 has output storage registers, its 
digital output is available to the user at all times, except for a 
short interval when it is being updated. A Data Ready output 
signal is provided to indicate when the digital output is valid. 


The ADC-00310 may be configured for any of six (6) different 
input signal ranges by means of jumper wires between pins. Two 
bipolar ranges, two positive unipolar, and two negative unipolar 
input ranges are implemented by using the 2 internal references, 
along with precision resistors, to scale and offset the input signal. 


The positive and negative internal references are made available 
to the user at output pins. If they are used, care must be taken not 
to load them beyond their rated outputs, or else converter perfor- 
mance will deteriorate. Residual gain and offset errors may be 
trimmed to zero, with the addition of external potentiometers. 


A number of digital output codes are available from the ADC- 
00310 (see Table 3). For bipolar analog input signals, the digital 
Output data is coded in Inverted Offset Binary or Inverted Two’s 
Complement. Either of these codes is available, since both the 
MSB (Bit 1) and its complement are provided as outputs. For 
either positive unipolar or negative unipolar, the digital output 
code is Inverted Binary. The Output Data Invert pin (pin 34), 
when tied to +5V, inverts all of the above codes. 


Care must be taken when designing with the ADC-00310, to 
achieve its rated performance. This high-speed sampling A/D 
converter generates high-frequency power-supply and ground 
currents. For this reason, it is recommended that decoupling 
capacitors be used on each power supply line and both internal 
references. High-frequency layout considerations should be kept 


in mind when designing a printed circuit board for the ADC- 
00310. Conductor lengths should be kept to a minimum, and a 
large-area ground-plane should be used to keep ground impedan- 
ces as low as possible. 


TIMING DIAGRAM 


A diagram of typical ADC-00310 timing is shown in figure 2. It 
is to be noted that the diagram shows the Encode Command 
repeating at 250 nsec intervals which does not correspond with 
the minimum conversion time. The Encode Command may be 
repeated at intervals > 200 nsec and is independent of internal 
timing. 

A conversion cycle is initiated by the application of a positive 
pulse (50 nsec min) to the Encode Command pin. The rising edge 
of the Encode Command starts the timing cycle. The internal 
track/hold is placed in the HOLD mode and MUX Enable makes 
a LOW to HIGH transition 25 nsec max after the Encode Com- 
mand leading edge. This delay reflects the aperture delay of the 
internal track/hold. MUX Enable remains HIGH for ap- 
proximately 160 nsec before making a transition to LOW. This 
coincides with the track/hold going into the TRACK mode. 


At this point the internal flash A/D converter has completed its 
second encode and the track/hold can begin to acquire a new 
analog input. The remaining time in the conversion cycle is 
associated with delays through the digital sections that follow the 
flash A/D converter. Approximately 100 nsec after the HIGH to 
LOW transition of the MUX Enable signal the Data Ready signal 
makes a HIGH to LOW transition. The Data Ready line stays 
LOW for 100 nsec, during which time the output register is 
updated with the new data word. Updating the output data 
register is accomplished during the first 30 nsec of the interval 


0 50 100 150 200 250 


| | | | | | 
-——_———_— 250 nsec rr 


—| — 50 nsec min 
ENCODE 
TH GATE ‘ HOLD TRACK 
—| ~~— 25 nsec max 
-~—— 160 nsec typ el 
MUX ENABLE 
DATA READY 


HOLD TRACK 


DATA OUT DATA WORD N-1 VALID DATA WORD N VALID 
DATA NOT VALID 


ENABLE 
DATA — 


ote }~e— 30 nsec max 


DATA OUT ACTIVE 
TRESTATE (HIGH IMPEDANCE) [| ACTIVE | 


10 nsec min 
| ee 30 nsec max 


FIGURE 2. ADC-00310 TIMING DIAGRAM 
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during which the Data Ready line is LOW. Output data is not 
valid during this 30 nsec interval. ADC-00310 data is valid at all 
times that the Data Ready line is HIGH and during the final 70 
nsec of its 100 nsec LOW interval. 


Enable Data, which is active LOW, has a propagation delay of 
15 nsec typ., 30 nsec max to active ADC-00310 data output. The 
LOW to HIGH transition of Enable Data is followed by a 10 nsec 
min, 30 nsec max tri-state propagation delay as illustrated in 
figure 2. The HIGH to LOW tansition of the MUX Enable signal 
is passed through a delay chain that eventually generates the 
negative Data Ready pulse. If no additional Encode Commands 
are received, the MUX Enable line will remain Low. The timing 
diagram in figure 2 shows Encode Commands occurring at 250 
nsec intervals. Pin 10 must be tied to +5V, enabling operation 
from DC to 5 MHz. 


MUX ENABLE 

The ADC-00310 provides a Mux Enable signal (pin 31), whose 
digital state is coincident with the internal T/H status (see figure 
2). This signal can be used to advance the address to a multiplexer 
in time-division multiplexed applications. 


ANALOG INPUT RANGES 


The ADC-00310 may by configured for any of six (6) different 
input signal ranges by means of jumper wires between pins. Two 
bipolar, two positive unipolar, and two negative unipolar ranges 
are possible. Table 2, Analog Input Range, lists the jumper 
connection and appropriate analog input terminal to be used for 
each configuration. For each analog input range, the absolute 
maximum input voltage is listed, along with the corresponding 
input impedance. 


OUTPUT CODING 


The ADC-00310 provides a number of digital output data codes. 
For bipolar analog input signals, the digital output data is coded 
in Inverted Offset Binary or Inverted Two’s Complement. Either 
of these codes is available, since both the MSB (Bit 1) and its 
complement are provided as outputs. For either positive unipolar 
or negative unipolar, the digital output code is Inverted Binary. 
Table 3, Output Coding, lists the output data for various analog 
inputs for each of the code configurations. The Output Data Invert 
pin (pin 34), when tied to +5V, inverts all of the above codes. 


TABLE 2. ANALOG INPUT RANGE 


ABSOLUTE 
MAX INPUT 


INPUT 
RANGE 


+2.5V 

+5V 
Oto +5V 
Oto +10V 
Oto —5V 
Oto —10V 


Note (1) 21.1% at 25°C, +50 pom/'G 


INPUT iy) INPUT JUMPER 
IMPEDANCE TERMINAL CONNECTION 


PIN 16 to PIN 25 
PIN 16 to PIN 25 
PIN 25 to PIN 27 
PIN 25 to PIN 27 
PIN 25 to PIN 26 
PIN 25 to PIN 26 


TABLE 3. OUTPUT CODING ‘") 


BIPOLAR 
INPUT 


+FS—ILSE 
+3¥%4FS 
+¥aFS 
+156 

0 

-1 LSB 
-Y%FS 
-%FS 

—-FS+1LSB 
-FS 


POS UNIPOLAR NEG UNIPOLAR 


VOLTAGE Inverted Inverted Inverted Inverted 
Oftset ee Two’s some — Binary 


0 0000 0000 
1111 1111 
1117 °1111 
1111 1110 
1111 1111 0000 0000 0000 
0000 0000 0001 
0111 1111 1111 
1100 0000 0000 
1999 A904 1999 


B1 thru B12 B1, B2 thru B12 


Note: 


(1)Codes shown for pin 34 (Output Data Invert) open or tied to Ground. When Pin 34 is tied to +5V, all of the above codes 


are inverted. 
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PARALLEL OUTPUT DATA 


Bit 1 (MSB) through Bit 12 (LSB), plus complement Bit 1, are 
the parallel output data lines provided by the ADC-00310. Each 
signal can drive a minimum of 3 standard TTL loads. Parallel 
output data is valid during the time that the Data Ready line is 
HIGH. If a strobe signal is required to read the parallel output 
data into a register, the rising edge of the Data Ready signal can 
drive a minimum of 3 standard TTL loads. 


OUTPUT REGISTERS & TRI-STATE BUFFERS 


The ADC-00310 has data output storage registers which hold the 
most recently converted 12-bit word. The data is available at the 
Output at all times, except for the initial 30 nsec of the interval 
when the Data Ready line is LOW. The ADC-00310 also has 
tri-state output buffers, for parallel data bus operation. The buffer 
Outputs remain in a high-impedance state until an Enable signal 
is received. The buffers can be made transparent (constantly 
enabled) by holding the Enable signal LOW. Where possible the 
user should avoid digital activity on the tri-stated output during 
the Track to Hold transition. Should this be unavoidable, an 
external tri-state buffer should be used for isolation. 


LAYOUT PRECAUTIONS 


The ADC-00310 high-speed sampling A/D converter generates 
high-frequency power-supply and ground currents, and is sensi- 
tive to coupled signals. High-frequency layout considerations 
must therefore be kept in mind when designing a printed circuit 
board for it. All conductor lengths must be kept to a minimum, 
and a large-area ground-plane must be used to keep ground 
impedances as low as possible. Analog inputs and digital outputs 
must be kept separated from each other to minimize crosstalk. 
Input and output circuits must be kept as close to the A/D 


ANALOG 
GND 


ADC-00310 


—VREF 


C1 C2 C1 C2 
- 
z NOTE 1 
12 
+5V 


C1 C2 


—15V 


DIGITAL GND DIGITAL GND 


C1 C2 
=5V 


23 


Notes: 

(1) Analog ground and digital ground pins are to be connected together with a 
single short connection very close to the hybrid package. 

(2) C1 is a 10pf or larger tantalum capacitor. 

(3) C2 is a 0.01pf ceramic capacitor. 


FIGURE 3. POWER SUPPLY DECOUPLING 


ADC-00310 


converter package as possible. Likewise, the three analog ground 
pins must be connected to the digital ground pin as close as 
possible to the hybrid package. 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are required on each power supply and 
both of the internal references to minimize noise. Figure 3 il- 
lustrates the recommended decoupling configuration. Each of the 
lines that is decoupled must have a 10 pF or larger tantalum 
capacitor in parallel with a 0.01 uF ceramic capacitor. All cap- 
acitors must be mounted as close as possible to the hybrid 
package. 


OFFSET AND GAIN TRIMS 


Gain and offset errors of the ADC-00310 are factory trimmed to 
be less than the values listed in Table 1, Specifications. Both gain 
and offset errors are trimmable to zero, with the use of external 
potentiometers. This affords the user with flexibility for maxi- 
mizing performance for critical applications. Figures 4 and 5 
show the external trim pot circuit required to trim gain and offset 
errors to zero. Multi-turn trim pots, with a temperature coefficient 
of less than 100 ppm/°C, are recommended for best results. If trim 
pots are not used, gain and offset adjust pins must be connected 
to analog ground. 


INTERNAL REFERENCE 


The ADC-00310 contains +10V and -10V precision internal 
references, which are made available to the user. Care must be 
taken to observe the loading limitations on these references, to 
maintain rated performance. If the external load on either refer- 
ence exceeds 2 mA, gain and linearity errors will increase. 
Damage will result from excessive loading. 


PIN 24 
(OFFSET ADJUST) 


100KQ) 


01 pf + 
| 
PIN 27 O PIN 16 
(— Veer) (ANALOG GND) 
Note: 


If offset trim pot is not used, offset adjust (pin 24) must be connected 
to analog ground (pin 16). 


FIGURE 4. OFFSET TRIM 


100K) PIN 14 


(GAIN ADJUST) 


01 uf les 
PIN 16 
(ANALOG GND) 


PIN 27 
(—Vrer) 


Note: 
If gain trim pot is not used, gain adjust (pin 14) must be connected 
to analog ground (pin 16). 


FIGURE 5. GAIN TRIM 
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TABLE 4. ADC-00310 PIN FUNCTIONS 1.30 MAX leet 
— (33.02) — 
0.150 MIN. 
(3.8) 


2.21 MAX 
Offset Adjust (56) 
1.900 
i 10V Ref (48) 
svar 


feciwse)——~| 20 | 15 Suppy 
DataReawy + 20 | 15 Suppy 


=z 
_- 
Ex | 25 |RangeOftser 
e. 
za 
cz 
ze 
| 10 


tC CCM CM OM OM OM OM OM om oR ow ow como ok oMomo) 


b 
oO 
tk CE CM OM CH OM OM OM OOM OM ORR OM OM OM OM oMOMo) 


st 


0.90 | 
PIN NO. 1 (23) 0.018+0.002 


13. | Digital Ground NC (Factory Test Point) CONTRASTING Ne gt es 
L EAD 
Gain Adjust | 34 Output Data Invert BOTTOM VIEW SIDE VIEW 
Analog Ground Bit 1 (MSB) Notes: 


(1) Dimensions in inches (mm). 

(2) Lead identification numbers are for reference only. 

(3) Lead spacing dimensions apply only at seating plane. 

(4) Lead cluster to be centralized within +0.01 of outline dimension. 


praog Ground | 26 |EnableDaa 
7 | Analog Ground Bit 12 (LSB) 


_ 


_ —_ 
16a! —_s 


@ 


34 

35 

36 

NC (Factory Test Point) | 39 

20 |NC (Factory Test Point) 40: | 


*Extemal jumper to pin 12. 


FIGURE 6. ADC-00310 MECHANICAL OUTLINE 


ORDERING INFORMATION 


ADC- 00310 


Consult factory for ADC-00305-605 evaluation card. 
Socket: Broadline SS-120-T-2 (or Samtec equivalent) 
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12 BIT 2uSEC HYBRIDA/D CONVERTERS 
Low cost, military, standard pin out 


DESCRIPTION 


The ADC-00403 is a 12 bit 2 microsec- 
ond hybrid A/D converter packaged in 
a hermetic 32 pin TDIP. It offers a low 
cost higher speed pin for pin replace- 
ment for ADC87 and ADC85 types. 
Offered in models with internal 
(ADC-00404) or external (ADC- 
00403) clock, it also features preci- 
sion internal reference, 6 pin prog- 


APPLICATIONS 


With its low cost, high speed and 
small hermetic package, the ADC- 
00403 is ideal for most military and 
industrial data conversion applica- 
tions. Typical of these applications 
are vibration and FFT analysis, sonar 
and radar digitizing, medical and nu- 
clear instrumentation, and multi- 
plexed data acquisition systems. 


FEATURES 
@ 2 uSEC CONVERSION TIME 


@ 12 BIT RESOLUTION AND 
LINEARITY 


e LOW COST 


@ HIGHER SPEED PIN FOR PIN 
REPLACEMENT FOR 
ADC87 TYPES (NO BUFFER) 


@ 32 PIN TDIP HERMETIC HYBRID 


rammable input voltage ranges, and 
both serial and parallel data output. 


GAIN ADJ. 28 


+15 00 

eee ~15V DC 
1 

nee +5V DC 
i 


15 
—O DIGITAL GND 


18 PRECISION 
REFERENCE 
+6.3V 128 


D/A CONVERTER 


REF OUT 


ee 23 o 1575 kQ 


OFFSET 


10V RANGE IN 
1.25 kQl 1.25 kQ 
25 
20V RANGE IN B12 (LSBI 
B11 
COMPARATOR IN 22 
(OFFSET ADJ.) 
26 
ANALOG GND O 
‘7 ANALOG GND 
P . 
NC COMPARATOR oe 
CLOCK IN 


12 BIT 
B6 DIGITAL 
OUTPUT 


g , 

oS Jw Jo Ju fo Jw J > Je [s J- 
re ooo oOo 

oS SOO 8 Ss 


a Tle 
PTT TTT tt o. 3. 
Sant PCa 
i ee 
11 2 3 4 5 6 7 8 9 10 11 12 


CLOCK RATE 17 


SERIAL OUTPUT 
CONTROL sd 


SUCCESSIVE 


19 APPROXIMATION 


REGISTER 
(SAR) 


CLOCK OUT SHORT CYCLE 


TUS 
CONVERSION STATU 


*Function for ADC-00403 model only. 
**Eunction for ADC-00404 model only. 


FIGURE 1. BLOCK DIAGRAM 
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SPECIFICATIONS 


Typical vaiues at + 25°C case temperature and nominal power supply 


voltages 


PARAMETER UNITS 


RESOLUTION | Bits | 


ACCURACY AND DYNAMICS 


Linearity Error 
Linearity Error Tempco 
Gain Error (Trimmable 
to zero) 
Gain Error Tempco 
Offset (Trimmabie to 
zero) 
Unipolar 
Bipolar 
Offset Tempco 
Unipolar 
Bipolar 
Diff. Linearity Error 
Conversion Time* 
Cycle Time* 


% of F.S.R. 


ppm/°C 


% of F.S.R. 


ppm/C 


% of F.S.R. 
% of F.S.R. 


ppm/°C 
ppm/°C 
LSB 
us 
us 


VALUES 


10 BIT LIN 12 BIT LIN 


t0.048 max +0.012 max 
+5 max +2 max 
+0.1 +0.1 


+25 


+0.05 typ 
+0.1 typ 


+3 max 
+10 max 
+1 

1.5 max 
1.7 max 


* The internal clock frequency is controlled by the applied Clock Rate 
Control voltage. See figure 4. 


ANALOG INPUTS 

Input Ranges 
Unipolar 
Bipolar 

Max Voltage Without 
Damage 

Impedance 
0 to +5V and +2.5V 
0 to 10V and +5V 
+10V 


DIGITAL INPUTS 
Start Convert 


Loading 


DIGITAL OUTPUTS 
Paraliel Data 
Drive 
Unipolar Coding 
Bipolar Coding 


Serial Data 
Drive 
Coding 

Status 


Drive 
Clock 
Period* 
Drive 
INTERNAL REFERENCE 


Voltage Output 
Current Output 


Voltage Tempco 


POWER SUPPLIES 
Voltages 
Max Voltage Without 
Damage 
Current (Including 
Internal Clock) 
Sensitivity 
TEMPERATURE RANGE 
Operating (Case) 
-1 Option 
-2 Option 
Storage 


PACKAGE 


Type 
Size 


Weight 
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TTL loads 


TTL loads 


TTL loads 


Inch (mm) 


Oz. (g) 


0 to +5; 0 to +10; 0 to +20 
+2.5;+5;+10 
See figure 6. 


0.625 
1.25 
2.50 


50 min positive pulse. Trailing 
edge initiates conversion 
1 


Bit 1 through Bit 12 plus MSB 

5 

Complementary binary 

Complementary offset binary or 

Complementary two's complement 

Non return to zero (NRZ) 

5 

Same as parallel data 

Logic ‘'1’’ during conversion. 
Logic ‘0”’ indicates valid 
parallel data. 

2 

13 positive pulses 

166 min 

2 


+6.2 5% 

5 max for no degradation of 
specifications 

+20 max 


+15 25% | —1525%] +5+5% 
+18 —18 +7 


50 typ 65 typ 
60 max 80 max 
+0.002 +0.002 


165 typ 
220 max 
+0.002 


—55 to +125 
—25 to +85 


—65 to +135 


32 pin TDIP 

1.16 x 1.95 x 0.2 
(29.34 x 49.4 x §.0) 

0.67 (19) 


BLOCK DIAGRAM DESCRIPTION 


Figure 1 is a block diagram of the ADC-00403. Since the 
ADC-00403 is a successive approximation A/D converter, 
its main elements are a D/A Converter, a Comparator and 
a Successive Approximation Register. An Internal Preci- 
sion Reference and internal or external Clock, depending 
on model selected, complete the functional elements of 
the ADC-00403. 


The successive approximation algorithm is initiated by a 
Start Conversion pulse input. This results in a change of 
the Status output signal, indicating that a conversion is 
in progress and output data is invalid... In a sequence 
starting with Bit 1, the D/Ainput is set to “1” andthe com- 
parator detects whether the resulting D/A output is larger 
or smaller than the analog input signal. If the D/A output 
is larger than the analog input signal, Bit 1 is reset to “0”. 
If not, then Bit 1 remains a “1”. In succession, Bit 2 
through Bit 12 are individually tested by the comparator. 
After 12 trials, and 13 clock pulse edges have occurred, 
the Successive Approximation Register (SAR) output is a 
digital representation of the analog input. At this time, 
the Status output signal changes to indicate that conver- 
sion has been completed and output data is valid. 


The ADC-00403 is available in both internal clock or ex- 
ternal clock models. The internal clock model makes the 
clock signal available to the user on the Clock Output pin. 
In addition, the Clock Rate Control input pin may be used 
to make fine adjustments of the internal clock frequency. 
The ADC-00403 may be short cycled for less than 12 bit 
resolution with a resulting decrease in its conversion 
time. 


Both parallel data and serial data are provided as digital 
outputs from the converter. For bipolar analog input sig- 
nals the digital output data is coded in Complementary 
Two’s Complement or Complementary Offset Binary. 
Both Bit 1 and Bit 1 complement (B1) are provided as out- 
puts, so either of these codes may be selected. For unipo- 
lar analog input signals, the digital output data is coded 
in Complementary Binary. 


The ADC-00403 may be configured for any of six differ- 
ent input signal ranges by means of jumper wires be- 
tween pins. Three bipolar and three unipolar ranges are 
implemented with combination of the two precision 
scaling resistors and the precision bipolar offset resistor. 
Inherent offset and gain errors of the A/D converter may 
be trimmed to zero with the addition of potentiometers. 


The ADC-00403 contains an internal precision +6.2 volt 
reference. This reference voltage is provided for the user 
at an output pin. In order to avoid affecting converter per- 
formance, care must be taken not to load the reference 
beyond its output capability. 


To achieve the optimum performance available from the 
ADC-00403, it is recommended that decoupling 
capacitors be used on the supply lines. In addition, high 
frequency layout considerations should be kept in mind 
when designing a printed circuit board to accomodate 
the A/D converter. This includes minimum conductor 
lengths on signals, and a low impedance ground plane 
where possible. 
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TIMING DIAGRAM 


A diagram of typical A/D converter timing is shown in 
Figure 2. Aconversion is initiated by the application of a 
positive (50 nsec min) pulse to the Start Convert pin. A 
delayed (25 nsec min) clock must be applied to the Clock 
In pin for model ADC-00403. For model ADC-00404 the 
Clock Output appears after the falling edge of the Start 
Convert pulse. The rising edge of the clock causes the 
status signal to change to a “1”, indicating that a conver- 
sion is in progress and parallel output data is not valid. 
Also in response to the clock rising edge, the MSB of the 
Successive Approximation Register (SAR) is reset to “0” 
and all other bits are set to “1”. During clock period 1, the 
MSB trial takes place, and the MSB bit weight is com- 
pared to the analog input. The rising edge of clock pulse 
2 causes the decision of the MSB trial to be stored, and 
simultaneously initiates the Bit 2 trial. In a successive 
manner, the rising edge of clock pulses 3 through 13 
cause the storage of decisions on Bit 2 through Bit 12. 
The rising edge of clock pulse 13 causes the status signal 
to change to a “0”, since the SAR now contains the valid 
12 bit representation of the analog input. Parallel output 
data is valid during the interval that status signal is “0”. 


Serial Data is available as an output in non return to zero 
(NRZ) format. Data for each bit becomes valid on the ris- 
ing edge of the clock pulse one number higher than the 
bit number, and remains valid for one clock period. Typi- 
cally, Serial Data is shifted into an external 12 bit shift re- 
gister, using the falling edges of the clock signal. The fal- 
ling edge of clock pulse 13 would therefore shift Bit 12 
into the register. 


ADC-00403 anp ADC-00404 


The minimum clock period allowed for rated perfor- 
mance of the ADC-00403 is 166 nanoseconds. This 
applies to both internal clock and external clock models. 
Conversion time is defined as the time during which the 
Status signal is a “1” and parallel output data is not valid. 
Cycle time, which is slightly longer than conversion time, 
is defined as the minimum time which must elapse be- 
tween successive Start Convert pulses. 


EXTERNAL CLOCK 


The ADC-00403 is available in internal and external clock 
models. For external clock models the user must provide 
a clock signal to Clock Input (pin 19). Thirteen positive 
clock pulses are required to complete the conversion 
process. For rated A/D performance, the applied clock 
period must be 166 nanoseconds minimum. Figure 2 
shows Clock In timing relationships. Best performance is 
achieved with a clock “high” duty cycle of between 12% 
and 33%. This sequence initiates conversions for both 
gated clock and continuous clock inputs. Care must be 
taken to comply with the minimum cycle time require- 
ment between successive Start Convert pulses. 


SHORT CYCLING AND CONTINUOUS CONVERSION 


The ADC-00403 may be short cycled to fewer than 12 bits 
resolution, with a resulting decrease in conversion time. 
Figure 3 shows the required jumper connections and the 
resulting conversion times, with a 6 MHz clock, for 8 bit 
through 12 bit resolutions. For resolutions of less than 12 
bits, it is possible to increase the clock frequency some- 
what, since internal settling times are shorter. This may 
be accomplished by adjusting the Clock Rate Control vol- 
tage. 


50 NSEC MIN 
CYCLE TIME a aneeee = 


START* | | | 


CONVERT 


=~ 50 NSEC MIN 


le—25 NSEC MIN 


—) 25 NSEC MIN 


START** 
CONVERT 


CLOCK IN/OUT 


CYCLE TIME ——— 


}<— 20 NSEC MIN 
aul re NSEC MIN 


10 11 13 


1 
7] 25 NSEC vate 
Bin TIME denials 


STATUS _ | | 


I 
| 
| “1” DECISION 


TRIAL 


BIT 1 (MSB) 


“1” DECISION 


BIT 2 WLLLLLD [tric] 


“1” DECISION 


BIT 12 (LSB) WLLL [ravac 


SERIAL 


BATA p1 | 82) B3y B4 4 


Bs ; Be | B7 , 88! Bo! Bio! B11, B12) 


*For model ADC-00404 only. 
**For model ADC-00403 only. 


FIGURE 2. TIMING DIAGRAM 
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The ADC-00403 can be simply configured for continuous 
conversion operation when it is required. The falling 
edge of the Status (pin 20) signal is used to trigger a one 
shot. The one shot output, a 50 nsec minimum positive 
pulse, is connected to the Start Convert (pin 21) input to 
yield continuous conversion operation. 


CLOCK RATE CONTROL 


The Clock Rate Control line is made available in the inter- 
nal clock model of the ADC-00404 to make small adjust- 
ments of the internal clock frequency. Figure 4 shows a 
typical circuit using a potentiometer to generate the 
Clock Rate Control voltage, and the resulting clock fre- 
quencies. For 12 bit operation, care must be taken to 
comply with the 166 nanosecond minimum clock period 
requirement. For short cycled operation, the Clock Rate 
Control voltage may be set greater than 5 volts, resulting 
in a clock frequency greater than 8 MHz. 


PARALLEL DATA 


Bit 1 through Bit 12 plus MSB are the parallel output data 
lines provided by the ADC-00403. Each signal can drive a 
minimum of 5 standard TTL loads. Parallel output data is 
valid during the time that the Status signal is a “0”. Ifa 
strobe signal is required to read the parallel data into a 
register a “one-shot” can be triggered by the falling edge 
of the Status signal, or the falling edge of clock pulse 13 
can be isolated by gating the Clock and Status signals to- 
gether. 


SERIAL DATA 
Serial Data is provided by the ADC-00403 in non return to 


CONNECT CONVERSION 
RESOLUTION PIN 14 TO TIME 


1.3 usec 
1.5 psec 
1.6 usec 
1.8 psec 
2.0 psec 


FIGURE 3. SHORT CYCLE OPERATION 


OFFSET BINARY | TWO’S COMPLEMENT BINARY 

0000 0000 0000 0000 0000 0000 0000 

0001 1111 1111 1711 1111 0011 1111 
0011 1111 1111 1111 1111 0111 1111 
0111 1111 1110 1111 1110 1111 1111 
0111 1111 1111 1111 1111 1111 1111 
1000 0000 0000 0000 0000 
1011 1111 1111 1111 1111 
1101 1111 1111 11717 «1111 
1111 1111 1111 1111 1111 


SCALE 


+FS-1 LSB 
+3/4 FS 
+1/2 FS 
+1 LSB 
(¢) 
—1LSB 
—1/2 FS 
—3/4 FS 
—FS 


FIGURE 5. OUTPUT CODING 
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zero (NRZ) format with the MSB first. The Serial Data out- 
put line can drive a minimum of 2 standard TTL loads. 


Each bit becomes valid on the rising edge of the clock 
pulse one number higher than the bit number, and re- 
mains valid for one clock period. Typically an external 12 
bit shift register is used to store the serial data, after it has 
been shifted into the register using the falling edges of 
the clock signal. The LSB would be shifted into the regis- 
ter by the falling edge of clock pulse 13. 


OUTPUT CODING 


The ADC-00403 provides Complementary Binary coded 
output data for unipolar analog inputs, and either Com- 
plementary Offset Binary or Complementary Two’s 
Complement coded output data for bipolar analog in- 
puts. Figure 5 illustrates the output data for various 
analog inputs for each of the three code configurations. 
For bipolar analog inputs, the 2 choices of output code 
are available since both MSB and MSB signals are pro- 
vided as outputs. 


ANALOG INPUT RANGES 


The ADC-00403 may be configured for any of six differ- 
ent input signal ranges by means of jumper wires be- 
tween pins. Three bipolar and three unipolar ranges are 
possible. Figure 6 shows these six choices of analog 
input range, along with the jumper connections required 
to implement each range. The chart also shows, for each 
input range, which pin is to be used for the input signal, 
and what impedance will be presented at that pin. Abso- 
lute maximum input voltage is also shown for each con- 
figuration. 


PIN 17 APPROXIMATE 
VOLTAGE CLOCK RATE 
+5V 8 MHz 
OV 6 MHz 


INPUT 
INPUT | ABSOLUTE | IMPEDANCE 
RANGE | MAX INPUT (OHMS) 


FIGURE 6. ANALOG INPUT RANGE 


D[o[c 


ILC DATA DEVICE 
CORPORATION 


OFFSET AND GAIN TRIMS 


Gain and offset errors of the ADC-00403 are factory 
trimmed to be less than the values listed in the specifica- 
tion table. The converter is externally trimmable to zero 
gain and zero offset error, providing the user with flexi- 
bility for applications requiring maximum performance. 


Figure 7 illustrates the external trim potentiometer cir- 
cuit connections required to adjust the gain and offset er- 
rors of the ADC-00403 to zero. Multi-turn trimpots, with 
temperature coefficient of less than 100 ppm/C, are rec- 
ommended for best performance. 

If gain adjust pot is not used, connect Gain Adjust pin 27 to 
Analog Gnd pin 26 to minimize noise. 


INTERNAL REFERENCE 


The ADC-00403 contains a + 6.3 voit precision internal re- 
ference, which is made available for external use. A 
maximum output current of 5 mA will be provided by the 
internal reference, while maintaining rated perfor- 
mance. If this load is exceeded, gain and linearity error 
will increase. Damage will result from excessive loading. 


LAYOUT PRECAUTIONS 


To achieve the optimum performance of the ADC-00403, 
care must be taken in the printed circuit layout. Analog 
input lines and digital output lines should be separated 
from each other, and made as short as possible. To 
minimize ground noise, analog and digital grounds 
should be connected together in close proximity to the 
unit. Alow impedance ground plane under the converter 
will yield the best results. 
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POWER SUPPLY DECOUPLING 


Capacitive decoupling of all power supplies is required 
to minimize noise. Figure 8 shows the recommended 
power supply decoupling configuration. Tantalum or 
electrolytic capacitors of 1 uF or greater are used for low 
frequency decoupling. Ceramic capacitors of 0.01 uF or 
greater are used for high frequency decoupling. For best 
results, all capacitors should be placed as close to the 
unit as possible. 


ACCURACY TESTING 


Testing of the accuracy of the ADC-00403 consists of 
measurement of its gain, offset and linearity errors. Fig- 
ure 9 shows a simple test circuit for making these mea- 
surements. A precision DC voltage source is used to pro- 
vide the analog input signal, and the digital outputs are 
monitored by a string of light emitting diodes (LED). 


The offset error can be measured by adjusting the DC 
voltage source until the LEDs indicate the zero code 
transition. The difference between the voltage input and 
zero volts is the offset error. After the offset error has 
been measured, the circuit shown in Figure 7 should be 
used to trim the offset error to zero. 


With the offset error trimmed to zero, the gain error can 
be measured by adjusting the DC voltage source until the 
LEDs indicate the full scale code transition. The differ- 
ence between the input voltage and the theoretical full 
scale input is the gain error. After the gain error has been 
measured, the circuit shown in Figure 7 should be used 
to trim the gain error to zero. 


+15V 
10 KM to PIN 27 
100 K2 
.01 uF 
—15V . T 
PIN 26 
GAIN TRIM * 
+15V 
250K 
PIN 22 
—15V OFFSET TRIM 


“If gain trim is not used, connect pin 27 to pin 26. 


FIGURE 7. OFFSET AND GAIN TRIM 


PRECISION HI 
DC VOLTAGE 

STANDARD Lo 
+ 10.00000V 


GENERATOR LO 


20V INPUT 


ANALOG GND 


ADC-00403 REGISTER 


ANALOG 
GNO 


*5V 


DIGITAL Cy DIGITAL 
GNO GND 


C1=1.0uF TANTALUM OR ELECTROLYTIC 
C2=0.01uF CERAMIC 


FIGURE 8. POWER SUPPLY DECOUPLING 


O +5V 


27082 


74175 
INVERTING 


STATUS i 


STROBE 
FIGURE 9.ACCURACY TEST CIRCUIT 
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bed ADC-00403 AND ADC-00404 


CORPORATION 
With the offset and gain errors trimmed to zero, any re- MECHANICAL OUTLINE 
maining error is a linearity error. Linearity error should 32 PIN TRIPLE DIP 
be measured at the code transitions corresponding to , vise wks - 
each individual bit weight, and also at each of the major | (29.34) iain FT — imax 
é8 = (5.0) 
carry code transitions which occur at one count less than 
the individual bit weights. 016 170 = | 
(e) ie) 
O | 
PIN FUNCTION TABLE : : | 
fo) te) | 
| PIN, FUNCTION pen FUNCTION : 0 | 
fo) ° 1 
1 Bit 12 (LSB) NC*/Cik Rate Control** 15EQ. SP 
1.945 MAX fe) ° 
2] Bit11 Ref. Out (+6.2V) (49.4) . jy ot deegee 
3 Bit 10 Clock In*/Clock Out** 6 ° 
4 Bit 9 Status PS oS) 
5 Bit 8 Start Convert ° fe) 
6 Bit 7 Comparator In fo) 2) 
7 Bit 6 Bipolar Offset ° fo) 
8 Bit 5 10V Range In ° ° | 
9 Bit 4 20V Range In o1 320 ae 
Bit 3 Analog Gnd i na ay 
Bit 2 Gain Adjust L 46 ral a 082 
| )>(.051) 
a MaSB} co (3.05) | (22.86) — (a2 REC 
it : 
Short Cycle BOTTOM VIEW 
Dig. Gnd —15V Supply 
+5 V Supply Serial Out 
NOTES 
*Eunction for ADC-00403 model only. 1. Dimensions shown are in inches, (millimeters) 
ue F 2. Lead identification numbers are for reference only 
Function for ADC-00404 model only. 3. Lead spacing dimensions apply only at seating plane 
4. Pin material meets solderability requirements of MIL-STD-202E, Method 208C 


ORDERING INFORMATION 


ADC-00403-103 
ee Linearity Grade: 


3 =12 bit (0.012% FSR) 


Reliability Grade: 
0 = Standard DDC procedures. 


_ 
WW 


883B Processing. 


ie) 
'" 


883B Processing but without QCI testing. 


Operating Temperature Range (Case) 
1 = -§5°C to +125°C 
2= -25°C to +85°C 


Clock Option 
3 = External Clock 
4 = Internal Clock 
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SECTION B 
DIGITAL TO ANALOG (D/A) CONVERTERS 


we ld SUMMARY TABLE | 
OPERATING 
MODEL 


LINEARITY TEMP. DISSIPA- | DESCRIPTION/ 
RESOLUTION VOLTAGE | [CURRENT ERROR PACKAGE RANGE TION FEATURES 


35nsec | +1/2LSB | 24PinDDIP | -55°C to +125°C : Low glitch energy 
Hybrid 2.5mA * nsec. One 
1.4 x 0.8 x 0.2" monolithic active 
component. Very 
fast settling. ECL 


+0.01% 24 Pin -55°C to +125°C 14 bit latched DAC 


FSR DDIP Hybrid with fast settling 
1.4 x 0.8 x 0.2" voltage output. Pin 
programmable 
output voltage, wtih 
trimmable gain and 
offset. 


+0. 32Pin TDIP | -55°C to +125°C 14 bit deglitched 
1.16 x 1.75 x0.21" D/A converter with 
32 Pin 10MHz update rate, 
Flatpack pin programmable 
1.10 x 1.8 x 0.18" output ranges, and 
50mV * nsec 
differential glitch 
energy. 


24 Pin -55°C to +125°C Deglitching D/A 
DDIP Hybrids converter with 35 
1.4 x 0.8 x 0.2" MHz update. 

14mVpp glitch and 
38ns glitch duration. 


DAC-02315 
DGL-02316 


24 Pin -55°C to +125°C 12 bit deglitched 
DDIP Hybrid D/A converter with 
1.4 x 0.8 x 0.2" 15MHz update rate, 

pin programmable 


¥% | DAC-02320 


| output ranges 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 


* New Product 
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D/A CONVERTERS 


BACKGROUND INFORMATION 


INTRODUCTION 


DDC’s digital to analog converters are divided into two 
categories. The Fixed Reference D/A Converters are calibrated 
with a fixed internal reference voltage, and provide a current 
output and/or voltage output determined by the digital input 
word. The Multiplying D/A converters listed in this catalog will 
accept an external reference, and provide a voltage output equal 
to the product of the reference voltage and the fraction 
represented by the digital word. In addition to high speed and 
high resolution, DDC offers fixed reference D/A converters with 
very low glitch and pin-programmable current and/or voltage 
ranges. One converter includes a track/hold deglitch and cable 
driver, and one has a strobed input register. The 13 to 15 bit 
multiplying D/A converters all have 4 quadrant operation and 
an output common-mode rejection capability, and will provide 
full rated accuracy from DC to 400 Hz. 


All of DDC’s D/A converters include a resistance network and 
switches which together provide a current output. The simplest 
concept of a D/A converter is shown in Figure 1. The resistance 
network produces a series of binary weighted currents. These 
are connected to the output by switches controlled by the 
digital input. The summed current is available directly as an 
output current Igyz or is transformed by an op-amp into a 
voltage output Voy+7. The chief requirements for the converter 
are linearity (which depends on the bit current ratios), scale 
factor accuracy and low offset drift. 


A difficulty with the arrangement in Figure 1 is that turning the 
bit currents off and on changes voltages in the resistance network 
and so may affect stability. This problem is eliminated by an 


REF 


RESISTANCE 
NETWORK 


OUT 


FIGURE 1. BASIC D/A DIAGRAM 


arrangement such as shown in Figure 2 where the resistor 
currents are constant because they are switched either to actual 
ground or to the virtual ground of an op-amp. 


REF 


RESISTANCE 
NETWORK 


FIGURE 2. ARRANGEMENT WITH CONSTANT 
RESISTOR CURRENTS 


There are many other possible types of resistance networks and 
switching arrangements. Currents, for instance,can be switched 
as equal currents before they are given binary weighting by the 
network, as shown in Figure 3. The method chosen for a par- 
ticular D/A converter depends on the best compromise of 
characteristics and cost. 


For a multiplying D/A converter, the output current must 
remain proportional to the reference voltage without saturation 
effects over an acceptable range of bipolar input voltages (usu- 
ally +10V) and frequencies. Otherwise, multiplying and fixed 
reference D/A converters are quite similiar in basic design 
concepts. 


RESISTANCE 
NETWORK 


FIGURE 3. ANOTHER D/A ARRANGEMENT 


TRANSFER CHARACTERISTICS AND ACCURACY 


The transfer characteristics of a D/A converter will be discussed 
in terms of a 3 bit converter with straight binary and offset 
binary coding. The difference between these two codings is just 
an analog offset equal to one half of full scale. This offset is 
generally pin programmable in converters which offer both 
unipolar and bipolar coding. 


For a D/A converter, analog output values such as 1 LSB, 2 
LSB etc. should coincide with the input bit codes. This is shown 
by the ideal transfer characteristic for a 3 bit D/A converter 
illustrated in Figure 4. For straight binary coding, for instance, 
the 0 LSB output level coincides with 000 and the 1 LSB level 
coincides with 001. Intermediate values of analog output should 
not exist except as brief transitions while a code change occurs. 


STRAIGHT 
BINARY 


OFFSET 
BINARY 
+3 LSB 7LSB 
+2LSB 6LSB 


+1LSB 5SLSB 


ANALOG 0 
OUTPUT ate 


-3LSB 1LSB 


—4LSB 0 


DIGITAL INPUT 


STRAIGHT 


BINARY 0 +1/4 F.S. +1/2 F.S. +3/4F.S. +F.S.—1LSB 
OFFSET —F.S. —1/2 F.S. 0 +1/2 F.S. +F.S.—1LSB 
BINARY 


FIGURE 4. IDEAL TRANSFER CHARACTERISTIC 
FOR A3 BIT D/A CONVERTER 


It can be seen from Figure 4 that the largest analog output 
obtained in both straight and offset binary coding is F.S. — 1 
LSB. In some converters with offset binary coding the output is 
offset by 1 LSB so that the largest positive value is F.S. and the 
largest negative value is —F.S. + 1 LSB. The bit table equivalent 
to the transfer characteristic in Figure 4 is shown in Figure 5. 


The accuracy of a D/A converter is measured by determining 
the analog output for each input digital code. The total error 
is the sum of the offset error, the gain error, and the linearity 
error. 


For a unipolar converter the offset is usually specified to be at 
the code for zero analog output, but it could be designated by 
the manufacturer to be at the code at either end of the range. 
For a bipolar converter, the offset could also be assigned to the 


D/A CONVERTERS 


ANALOG OUTPUT 


DIGITAL CODE 


Unipolar Bipolar (MSB) (LSB) 
Straight Binary Offset Binary Bit 1 Bit2 Bit3 
+ F.S. — 1 LSB + F.S. — LSB 
+ 3/4 F.S. + 1/2 LSB 
+ 1/2 F.S. + 1/2 LSB] + 1 LSB 
+ 1/2 F.5, 0 
+ 1/2 F.S.—1LSB | —LSB 
+ 1/4 F.S. — 1/2 F.S. 

+ 1 LSB — F.S. +1 LSB 
0 — F.S, 


FIGURE 5. BIT TABLE FOR 3-BIT D/A CONVERTER 


code for zero output near the center of the range. The offset 
error is the difference between the measured and the theoretical 
output value at the code designated for offset. 


The gain error is measured at the codes at opposite ends of the 
range. The gain is equal to the difference between the measured 
outputs at these two codes (keeping negative signs for negative 
output), divided by the theoretical output span between them. 
For the 3 bit converter just discussed, the input span is F.S. — 
1 LSB for unipolar coding, and 1 F.S.—1 LSB for bipolar 
coding. 


The linearity is obtained by determining the difference between 
the measured and theoretical output at all other codes. Before 
substracting the theoretical value, the measured value at each 
point must be corrected by first substracting the offset error 
and then multiplying by the gain correction. The calculations 
are greatly simplified if the converter offset and gain errors are 
both trimmed to zero before linearity is measured. 


Monotonicity is usually also required. If the converter is mono- 
tonic, the analog output will never decrease if the digital code 
increases, and will never increase if the digital code decreases. 


See page N-19 for a list of Application Notes available from DDC. 
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MONOBRID ADH-030 II 


12 BIT 35NSEC HYBRID D/A CONVERTER 
High Reliability; One Monolithic Active Component 


FEATURES 


@ FAST: 
35 NSEC SETTLING 


@ HIGH RELIABILITY: 
3,000,000 HOUR MTBF 


APPLICATIONS 


With its small size, wide operating 
temperature range and hermetically 


DESCRIPTION 


The Monobrid ADH-O030 II is a 12 bit 
35 nanosecond hybrid D/A 


@ LOW GLITCH: 
50 MV - NSEC 


converter packaged in a hermetically 
sealed 24 DDIP. It pin for pin replaces 
an earlier multiple component 
design with a single monolithic 
integrated circuit. Thin film resistors 
and decoupling capacitors complete 
the (monolithic-hybrid) Monobrid. 
Featuring 3,000,000 hour MTBF, 50 
mV ¢ nsec glitch, and -55°C to 
+125°C operating temperature 
range, the Monobrid ADH-030 II is 
offered with MIL-STD-883B 
screening. 


sealed package, the Monobrid ADH- 
O30 Il is ideal for the most demanding 
military and industrial requirements. 
Its high speed and low glitch are well 
suited for numerous CRT display 
applications, including TV and radar 
video reconstruction, and X-Y 
deflection positioning. Additional 
applications include digitally 
controlled frequency agile oscillators 
and high speed A/D converters. 


@ —55° to +125°C OPERATING 


TEMPERATURE 


@ HERMETICALLY SEALED 
24 DDIP PACKAGE 


Note: Monobrid® is a registered trademark . 


of ILC Data Device Corp. 


a F.B. 2 
= 
aout EEDBACK 
(+10V) 
10 F.B.1 
INTERNAL FEEDBACK 
REF IN REFERENCE 
AND 
BIT 
CURRENT 
BIT 1 (MSB) SWITCHES : OUTPUT 
| <—tlo 
| 
| 6 
Bir-421cse) RESISTOR SIGN OFFSET 
NETWORK 
ay 3,4,5 
DC 7 GROUNDS 
—15V DC 
Vbb 
(—1.3V DC) 


FIGURE 1. ADH-030 Il BLOCK DIAGRAM 
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ILC DATA DEVICE 
CORPORATION 


TABLE 1. ADH-030 Il SPECIFICATIONS 


Typical values at 25°C and at nominal power supply voltages 
unless otherwise noted. 


PARAMETER 


RESOLUTION 


ACCURACY 
Linearity Error (Max) 
Linearity Tempco* 
Gain Accuracy 
Gain Tempco* 
Zero Offset 
Unipolar Offset (Max) 
Bipolar Offset (Max) 
Offset Tempco 
Monotonic to 
DYNAMIC 
CHARACTERISTICS 
Update Rate 50 min 


Settling Time to 0.01% 
of Final Value 


For F.S. Input Change ns 
For 1LSB Change 
(From 01..11 to 10..00) ns 20 typ 
Internal Skewing Time ps 400 typ; 800 max 
Output Time Constant ns 1.3 typ into 1000 load 
Glitch Energy LSB-nsec 200 
mV-nsec 50 into 1002 


10 BIT LIN 12 BIT LIN 


35 typ;, 50 max 


DIGITAL INPUT 
(VALUES GIVEN FOR 


Input Coding Positive logic. Comple- 


mentary Binary gives uni- 
polar ouput. Complement- 
ary Offset Binary or Com- 
plementary Two’s Com- 
plement (if MBS is provi- 
ded) give bipolar output. 
Logic “1” Logic “0” 
Digital Voltage Level —0.81 to —0.96 — 1.65 to — 1.85 


Max Voltage 
Without Damage 0 =G 


Current Loading 100 max 1 max 


REFERENCE AND 
SIGN OFFSET 1OBITLIN | 12BITLIN 
woot Re 


Internal + 10.000V 
Reference Accuracy 
Max Current Output** mA 15 max 
External Ref. Require- 
ments (Optional) 
Voltage Range 
Current Requirements 
For Ref Input 
For Sign Offset 
Ref. Input Impedance 
Sign Offset Impedance 


OUTPUT (CURRENT 
TYPE) 


Unipolar Current Oto —16 
Bipolar Current +8 
Compliance =~0,5t0 +5.0 


Voltage Output Ranges 
With External Amplifier 


+10+10% 


4.0 typ; 4.4 max 
8.0 typ; 8.8 max 
2.5+1% 
1.25+1% 


Full accuracy; 0to5 
0102.5, +5, =2.5, £1.25 
Reduced Accuracy: 0 to 10 
Output Capacitance 20 typ 


MONOBRID’ ADH-030 II 


TABLE 1. ADH-030 Il SPECIFICATIONS (Cont’‘d) 


POWER SUPPLIES 


Voltage 
Regulation for 

Full Accuracy 
Absolute Max Limit 
Current Typ 
Max 


TEMPERATURE 


RANGE (CASE) 
Operating 
—1 Option —55to +125 
—3 Option Oto +70 
Storage —55to +125 


THERMAL 
IMPEDANCE*** 
Junctionto Air, A), 
Junction to Case, 6jc¢ 


PHYSICAL 
Package 


°C/Watt 20 max 
°C/Watt 2 max 


24 Pin, Double DIP 


Size inches 1.4x0.8x0.2 
(mm) (36 x 20.3 x 5.1) 
Weight Oz 0.4(11.3g) typ 


*Lower Tempco values are available — consult factory. 
**\f reference is used by external circuits only, load must be 5mAminimum. 

***Max junction temperature is 150°C. 

Heat passes through header (case bottom). 


TECHNICAL INFORMATION 


INTRODUCTION 


The ADH-030 II generates analog output currents which 
are digitally controlled, binary weighted, discrete fractions 
of a reference voltage. The reference voltage is fixed so 
that the output current has a single value for each digital 
input code. A reference is generated internally, as indicated 
in the block diagram Figure 1, but a properly regulated ex- 
ternal reference voltage may be substituted. The analog 
output is controlled by a ladder network of thin film pre- 
cision resistors, controlled by bipolar transistor switches 
turned on and off in accordance with the digital input code. 


Figure 2 is an internal schematic for the ADH-030 II 
showing the 8 mA current generators, the R-2R ladder 
network, and the external connections. Feedback resistors 
are provided to assist in converting the current output into 
a voltage output with an external amplifier, as discussed 
below. The sign offset (pin 6) is used for bipolar operation, 
as discussed below. Note that the current direction is 
defined as positive for currents entering the output, pin 
9. 


The ADH-030 II accepts complementary binary or comple- 
mentary offset binary input coding. The MECL/ECL input 
logic requirements are detailed in the specifications table. 
Figure 3 shows the current outputs obtained for various bit 
weights. The values for Full Scale (F.S.) and 1 LSB are as 
follows: 


B-5 


OS MONOBRID’ ADH-030 II 


CORPORATION 
BAND GAP REF AMP 


+15V0C (1) 


REF OUT 
(+10VDC) 
(6) SIGN OFFSET 
200 200 1250 
100 100 
an (9) CURRENT OUTPUT 
+1 
GND 41, 
OO® 312.5 
O OD 'e e O WO) 
Ss —_ oe — 1p) F81 
FEEDBACK 
V C) C) © ©) 
Gace) _— @) (s) C4) (3) 312.5: 
BIT 11 BIT 3 BIT 2 BIT 1 
(Y) & @ _ 
é flue a 4mA dl 4mA 8mA FEEDBACK 
REF 2 , 
; a 
(12) -15VDC 


FIGURE 2. ADH-03011 INTERNAL SCHEMATIC 


ANALOG OUTPUT CURRENT* DIGITAL BIT INPUTS 
UNIPOLAR BIPOLAR 
COMPLEMENTARY | COMPLEMENTARY 
BINARY OFFSET BINARY 


+F.S.-1LSB +F.S.-1LSB 
+35ZF.S. +2 FS. 
+¥F.S.+1LSB +1LSB 
+"”AFS. 0 
+¥%2F.S.-1LSB -1LSB 
“YES. -Y”F.S. 
+1LSB -FS.+1LSB 
6) -F.S. 


= 

” 

ee) 
oO 


----0000 
-=0C0-+-00!]N 
—=--0--+-d0l]lw 
-=--0-+--+-o/a 
—-=-=-=-0---+-o0|/um 
-==--0-=--0o0]o0 
== +-0-+-o0/N 
---0-=-=-oO/]o@ 
==-=40---o/0 
on 

—-=--0---0 


*Current direction defined as positive for currents entering the output. 


FIGURE 3. BIT WEIGHT TABLE 


(MSB) BIT 1 


BIT 2 
| range | Futtscate | _1LsB 


+8mA 8.00000 mA 0.00391 mA 
0 to —-16 mA 16.00000 mA 0.00391 mA 


| out (16MA, MAX) 


(LSB) BIT 12 


ADH-030 II 


+15VDC 


£1.25" 1.25000V 0.0006 1V (-1.3V00) vy, Asvoe 
+2.5* 2.50000V 0.00122V necetare 
25y" 5.00000V 0.00244V wis | Sane 
0 to +2.5V* 2.50000V 0.00061V SNe REF IN | 
GND REF OUT CONNECT TO USE 


0 to +5V* 5.00000V 0.00122V 


INTERNAL REF 


0 to +10V* 10.00000V 0.00244V 


*With external output amplifier 


FIGURE 4. INPUT/OUTPUT CONNECTIONS FOR 
NORMAL OPERATION 
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0 MONOBRID’ ADH-030 II 


CORPORATION 
1. Normal Operation/Current Type Output RANGE CONNECTIONS CONNECTIONS 


+1.25V Sign to Ref In, FB2 to current out 
+2.5V Sign to Ref In 


The input/output connections for normal operation of the 
ADH-030 II are shown in Figure 4. 


+5V Sign to Ref In 
For unipolar current output, the maximum output voltage is - es oo nn 
er o9: to one 
limited by the — 16 mA current capability to Fleduced 
Accuracy: 
Oto +10V | None 
V ==0.016R, = = —~ + — 
max R 20 RL 


Note that on the 0 to +10 voltage range, the overall accuracy of the 
ADH-030 II is reduced to 0.2% F.S. range for all linearity grades. 
where RL is the load resistance and 20022 is the resistance 
of the ladder network. The compliance limits V jay to 
—0.5V, so the load resistance should be 3722 or less. 


For bipolar operation the sign offset must be connected to 
the REF IN. The 125022 sign offset resistor (see Figure 2) 
is in parallel with the 20002 ladder network, reducing the 
internal impedance at the output to 172.4022. The maxi- 
mum output voltage is limited by the +8mA current to 


+15VDC 
TF TANTALUM 


1000)F 


_ Dees ge ADH 030 
Vmax = +0.008R, R 172.4 = RL vou © VOLTAGE TYPE 


OUTPUT 
Luax? 04 

R 
Since the compliance is —.5V to +5V, the load resistance 
should be 9822 or less. 


TO ADH-030 II 


2. Normal Operation/Voltage Type Output + FB1 OR FB2 


The ADH-030 II provides up to —0.5V to +5.0V compli- 
ance, so external circuitry must be added if a larger voltage 


ae FIGURE 5. EXTERNAL CIRCUIT FOR VOLTAGE 
swing is required. 


TYPE OUTPUT 


Figure 5 shows an optional circuit for converting the 
ADH-030 II current output to a voltage type output. The 
voltage range is determined by connections to the feedback 
pins FB1 and FB2 on the ADH-O30I1. Adding a jumper 
between pins 6 and 8 provides offset for bipolar operation. 
The following table shows jumper and feedback connections 


for all voltage ranges. 


GAIN INCREASE 
OF FSET RESISTORS (OPTIONAL) 


58: 
SWS FBI (+2 5V,0 to +5V) 


100? 
VV —FB2 (*5V, Oto +10V) 


3. Trimmed Operation (MSB) BIT 1 
BIT 2 


w 


Without external trimming, the output accuracy of the 
ADH-030 II is affected by the gain accuracy and Zero offset 


OUT 


------- 5 


OFFSET ADJ 
error listed in the specifications. Using external trim resis- (LSB) BIT 12 secon (*20LSB) 
tors the gain and offset errors can be trimmed to Zero so 10 KQ2 TO 
‘ 3 ‘ (--1.3VDC) Vob 100 K{2 
that the overall accuracy is equal to the linearity. — 
+15V 

Figure 6 shows input/output connections for trimmed 15VOC 

‘ 2 7 7 CONNEC) 
operation. The zero offset adjustment range is approxi- an ein 
mately +20 LSB. The gain adjustment is provided by a oie REF. iN ied 


S GAINADsUST [ 
. 43% DECREASE) 4 00%? UNIPOLAR 


resistor which replaces the direct connection between REF 
5082 BIPOLAR 


OUT and REF IN. The gain adjustment range is 3% in the 
direction of decrease only. To provide for adjustments in > —L 
the opposite direction, the gain must be offset. This can be 
accomplished in conjunction with the voltage output circuit 
of Figure 5 by inserting a 10 or 522 resistor in the feedback FIGURE 6. INPUT/OUTPUT CONNECTIONS FOR 
path, as indicated at pins 7 and 10 in Figure 6. TRIMMED OPERATION 
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ILC DATA DEVICE 
CORPORATION 


MONOBRID ADH-030 II 


LINEARITY AND ACCURACY TESTS 


Accuracy may be tested as follows: Connect pins 2, 6, and 
8 together. Install the voltage output circuit of Figure 5 
with direct feedback to FB2 (+5.0V output). The table in 
Figure 3 can be used to calculate the appropriate bit weights. 
A voltmeter with +0.001V accuracy is required to measure 
the output. Unless a computer program is available to 
analyze the data, the most convenient test procedure is as 
follows: 


(1) Measure the offset at the code 4 zero voltage. 


(2) Install offset trim resistors and trim the offset error to 
zero. Determine the gain by measuring the output at 
both the +F.S. —1 LSB and —F.S. The gain is the sum 
of the magnitudes of the two end point voltages di- 
vided by 2 F.S. —1 LSB = 9.99756V. 


(3) Install gain trim resistors and trim the gain to unity. 
Measure the output at all other codes to determine the 
linearity error. 


The measured errors shall all be within the limits listed in 
the specifications table. 


DYNAMIC CHARACTERISTICS 


Skew is the difference in delay between individual bit tran- 
sitions. When data changes, internal or external differences 
in delays between 0-1 and 1-0 transitions can cause the out- 
put to swing to intermediate states. For instance, if the in- 
put changes from 100...0 to 011...1 and the MSB 
changes before the lower order bits change, the output will 
swing to an intermediate state of O0...0. Internal skew is 
very low (400 ps typical) in the ADH-030 I! because cur- 
rent mode switching is utilized. The MECL/ECL logic re- 
quired by the digital input has inherently low skew prop- 
erties, but to eliminate the last nanoseconds of skew it is 
necessary to clock the input with a register and match ex- 
ternal circuit delays and line length differences. To main- 


tain minimum skew with variations in temperature and 
power supplies, it is recommended that ADH-030 II pin 11 
be connected to the Vp, output pin of an ECL logic circuit 


such as the MC10115. 


Glitch energy is only 50 mV <= nsec typ. Figure 7 shows 
glitch shape at major carry from 01...11 to 10...00 
when the output is terminated by a 5 MHz filter and a 100 
ohm resistor. 


Settling time may be tested using the circuit shown in 
Figure 8. Fora maximum output swing between —0O.5V and 
+0.5V, the output will settle to 0.01% of final value within 
50 ns (35 ns typical). For a swing of 1 LSB, the settling time 
depends on the skew and resulting glitch. For a 1 LSB 
change at major carry from 01 ...11to 10... 00, the 
settling time is 20 ns typical. 


Ringing caused by long lead lengths or unterminated trans- 
mission line effects in the bit drives may lead to increased 
settling time or cause oscillation. If the lead length can not 
be shortened, the effect may be reduced or eliminated by 
placing RF beads on every other digital input lead. 
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REFERENCE 


The ADH-030 II has an internal reference supply and is 
factory calibrated with this supply. Fixed external refer- 
ences of +10VDC +10% can be accommodated and the out- 
put current will be linearity proportional to the reference 
voltage over this range. 


RELIABILITY 


The use of a single monolithic |.C. and thin film resistor 
networks, as well as careful thermal design, results in very 
high MTBF values. Summaries of MTBF calculations are 
available on request. 


10MV 
PER 
DIVISION 


10NS PER DIVISION 


FIGURE 7. TYPICAL GLITCH SHAPE FOR 1 LSB 
CHANGE AT MAJOR CARRY (INTO 1002. LOAD) 


PROBE (Scope) 


100° LOAD + LINE < 3pF 


ADH-03011 


——— LOGIC 1= -0.81V 
ECL INPUT 
} LOGIC 0 = -1.85v 
! 


>-—0.5V 


1 
i] 
' 
——)5 355 ——] 355 
1 typ 4 


FIGURE 8. SETTLING TIME TEST CIRCUIT AND 
VOLTAGE WAVEFORMS 


en MONOBRID’ ADH-030 II 


CORPORATION 


PIN CONNECTION TABLE 


FUNCTION 


Bit 6 
Feedback 1 
=1.3VDC = Vig 
=15V0C 


*All grounds are tied to the case. 


MECHANICAL OUTLINE ORDERING INFORMATION 
24 PIN DOUBLE DIP 
ADH-030 II-12-1-883B 


200 
-| Bie, t pans 883B = Fullycompliant with 
Poe a MIL-STD-883 
1.400 MAX ie B = Screenedto MIL-STD-883 
but without QCl testing. 


Blank Standard DDC procedures. 


i 


(BOTTOM 
VIEW) 


1 


9O00000000000 


1.100 + .005 
12 PINS EQUALLY SPACED 


Operating Temperature Range (Case) 


125 @ 100 +.002, TOLERANCE 90 PIN) 
080 NON-CUMULATIVE Te ld 1 = —55°C to +125°C 
RAD (3 PLACES) 3=0°C to. +/0C 
NOTES: 
1. Dimensions shown are in inches 
2. Lead identification numbers are for reference only Linearity: 
3. Lead spacing dimensions apply at seating plane 10 = +.05% 
4. Pin material meets solderability requirements of MIL-STD-202E, 12 = +.0125% 


Method 208C 
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DAC-02306 AND DAC-02307 


14 BIT LATCHED D/A CONVERTER 
Fast Settling Times: 50 ns Current Output 
350 ns Voltage Output 


DESCRIPTION 


The DAC-02306 and DAC-02307 family 
is one of the fastest D/A converters 
available. Both units offer transparent 
input latches. The voltage output device 
settles to within 1 LSB of final value for 
a full scale step change in 350 nsec. Set- 
tling time for the current output device 
is 50 ns. 

The DAC-02307 offers pin program- 
mable output voltages of +2.5V, +5V, 
or +10V at 10mA and the DAC-02306 
provides a +2mA current output. Linear- 
ity is +0.012% of full scale and gain 
accuracy is +0.075% of full scale. 
Both converters are calibrated with their 
own internal references, operate over a 
—55°C to +125°C temperature range, 


INTERNAL 
REFERENCE 
=10V 


BIT 1 (MSB) 
| 
i} 

BIT 14 (LSB) 


STROBE IN 


DAC-02306 
CURRENT OUTPUT 


B-10 


have trimmable gain and offset, and are 
available screened to MIL-STD-883. 


Packaged in hermetically sealed 24 pin 
DDIPs, the DAC-02306 and DAC-02307 
combine custom monolithic technology 
with thick and thin film fabrication 
techniques to provide both superior per- 
formance and high reliability. 


With their small size and a high MTBF, 
DDC’s DAC-02306 and DAC-02307 are 
exceptionally well-suited for high relia- 
bility military and industrial applications. 
These converters offer outstanding per- 
formance in aircraft or shipboard dis- 
plays, computer interfaces, sonar sys- 
tems, and automated processing plants. 


FEEDBACK 2 


FEEDBACK 1 


BIT 1 (MSB) 
i} 
| 


1 
BIT 14 (LSB) 


STROBE IN 


FIGURE 1. BLOCK DIAGRAM 


INTERNAL 
REFERENCE 
—10V 


FEATURES 


@ DAC-02306 HAS CURRENT 
OUTPUT: +2mA 


@ DAC-02307 HAS VOLTAGE 
OUTPUT: +2.5V, +5V, AND 
+10V AT 10mA 


TRANSPARENT INPUT LATCH 


e WIDE OPERATING 
TEMPERATURE RANGE: 
=55°C TO FizZoG 


MIL-STD-883 SCREENING 
AVAILABLE 


FEEDBACK 2 


FEEDBACK 1 


FEEDBACK 3 


OUTPUT 


V OUT 


GROUND 


DAC-02307 
VOLTAGE OUTPUT 
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DAC-02306 AND DAC-02307 


TABLE 1. DAC-02306 AND DAC-02307 SPECIFICATIONS 
Typical valves at + 25°C and nominal power supply voltages unless 


otherwise noted. 
PARAMETER UNITS VALUE 
13 BITLIN | 12BITLIN 


fResoLTiON ats fw 


ACCURACY 

Linearity Error 

Linearity Tempco 

Gain Error 

Gain Tempco 

Current Output (DAC-02306) 
Current Offset 4.0 max 8.0 max 
Current Offset Tempco 0.04 0.04 

Voltage Output (DAC-02307) 
Voltage Offset 5.0 max 10.0 max 
Voltage Offset Tempco 100 100 

Monotonicity ] 13 12 


DYNAMIC CHARACTERISTICS 
Settling Time to+0.01% FSR 
(for F.S. Input Change) 
Current Output 
Voltage Output 


TABLE 1. DAC-02306 AND DAC-02307 SPECIFICATIONS (Cont.) 
Typical valves at + 25°C and nominal power supply voltages unless 


otherwise noted. 
PARAMETER 


UNITS VALUE 
13BITLIN | 12 BIT LIN 


CC 


REFERENCE 
Internal Reference 
Voltage 
Current 


OUTPUT 
Voltage Output 


Voltage Ranges 
(Pin Programmable) 2.5, 20, OF £10 


Current Output 10 max 
DC Impedance 0.1 
Current Output DAC-02306 

Current Range + 

Output Impedance 

Compliance 


POWER SUPPLIES 
Voltage 


+0.012 max 
1 max 
+0.150 max 
+25 max 


% FSrange| +0.006 max 
ppm/°C_ | 0.5max 
% FS range} +0.075 max 
+25 max 


DAC-02307 


50 typ for RL <100 Ohms 
Voltage Tolerances 


+2.5V Scale 

+5V Scale 

+10V Scale 
Output Capacitance 


300 max 
350 max 
350 max 


Max Voltage w/o Damage 
Current Drain 

DAC-02306 

DAC-02307 


(Current Output) 20 


DIGITAL INPUTS 
Logic Type 


TEMPERATURE RANGES 
Operating (Case) 
-3 Option 
-1 Option 
Storage 


TTL Compatible, parallel 
positive logic. 
Complementary Offset 
Binary. 

1 Standard HCT Load 
2.0 min 

0.8 max 


Oto +70 
—55to +125 


Coding =—6510 +150 


Loading 
Vin (High Level Input Voltage) 
Vi, (Low Level Input Voltage) 


0.8x1.4x0.2 
(2.0x3.6 x 0.5) 
0.38 (10.8) 


Size (24 Pin DDIP) 


Weight 


TECHNICAL INFORMATION 


INTRODUCTION 


Figure 1 illustrates the block diagrams for the DAC-02306 and 
DAC-02307. On the DAC-02306, there is no connection to pin 
22 and the current output connection is pin 20. These 
converters generate current or voltage outputs which are binary 
weighted fractions of the reference voltage. The gain and offset 
are factory trimmed to very tight tolerances so that external 
trimming is not required. The outputs are bipolar with com- 
plementary offset binary coding as listed in table 2. 


TABLE 2. COMPLEMENTARY OFFSET BINARY 


DIGITAL BIT INPUTS 


OUTPUT | MSB 


LS) 


+F.S.-1LSB 


+¥F-.S. 
+1LSB 

0 

—1LSB 
—YF-.S. 
—F.S.+1LSB 
—F.S. 


DAC-02307 VOLTAGE OUTPUT CONNECTIONS 


Output connections for all three output voltage ranges are listed 
in table 3. The feedback connection should be made as close 
to the load as possible to minimize the effects of line and contact 
impedance. Output drive capacity is +10mA for all voltage 
ranges. 


--=-40O0000 
ta OO a ~~ OO | 
-=-4 3-0-4348 0/0 
ab ak a OC ak oe a ST 
a~—- 4 O42 0/Mm 
a~—-=-O-2-8-0/0 
-=-=43=O--484-+40/%N 
~—4 -~O--4 4 0/0 
-~—--40O0--4 4840/0 
~4a 30-840 
a~-4- 30-48-40 
a~-4--=-4O-84--40 
aon oO Oo78 6 


OTHER 
CONNECTIONS 


DAC-02306 CURRENT OUTPUT CONNECTIONS 


The current output of the DAC-02306 is taken directly from pin 
20. The feedback pins 19 and 21 may be left floating or may be 
used as feedback from an external amplifier. Pin 22 is left uncon- 
nected for current output. 


19-20 
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INTERNAL REFERENCE 


The DAC-02306 and DAC-02307 nave an internal reference 
Output and are factory calibrated with this internal reference. 
REF OUT is rated for +3mA, max at —10V+1%. 


LAYOUT PRECAUTIONS 


To achieve the minimum noise performance available from the 
DAC-02306 and DAC-02307, high frequency layout considera- 
tions must be taken when laying out their printed circuit boards. 

All analog conductor lengths must be kept to a minimum, and 
a large area ground plane must be used to keep ground imped- 
ance as low as possible. Digital inputs and analog output must 
be kept separated from each other to minimize crosstalk. Circuits 
connected to the analog output and any FEEDBACK pins must 
be kept as close as possible to the hybrid. 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are recommended on each power supply 
for minimum noise operation. Each power supply should have 
a 1 uF or larger tantalum capacitor in parallel with a 0.01 uF 
ceramic capacitor. All capacitors must be mounted as close as 
possible to the hybrid package. 


CODING 


Offset binary coding for the DAC-02306 and DAC-02307 is illus- 
trated by the bit weight in table 4. Values for full scale voltage 
(F.S.) and 1 LSB are given. 


TABLE 4. OFFSET BINARY CODING 
RANGE FULL SCALE 1LSB 


+2.5V 2.50000V 0.00031V 
+5V 5.00000V 0.0006 1V 
+10V 10.00000V 0.00122V 


2.00000mA 0.00024mA 


TIMING 


Upon application of a STROBE IN signal, the input registers are 
updated and DAC-02306 and DAC-02307 outputs settle to their 
new values. As shown in figure 2, the rising edge of STROBE 
IN latches the input date. Setup and hold times are also illus- 
trated. 

The input latches may be made transparent by keeping STROBE 
IN at a logic “1”. Since STROBE IN has an internal pull-up 
resistor, it may be left unconnected for transparent latch operation. 


EXTERNAL TRIMS 


The gain and offset errors are trimmed at the factory to within 
the limits listed in the specifications table. With the optional trim 
adjustment circuits shown in Figures 3, 4 and 5, both errors can 
be trimmed to zero, making the overall accuracy equal to the 
linearity. The fixed resistors shown in Figures 3, 4 and 5 should 
be located close to the converter pins to reduce noise, and the 
potentiometers should have a tempco of 100 ppm/°C or less to 
minimize drift. 

To trim the offset, apply the all zero’s digital code. As shown in 
the bit table, Table 2, this corresponds to +F.S. —1 LSB for 
current and voltage output. Adjust the offset trim potentiometer 
for the proper current or voltage output value in each case. 
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DAC-02306 AND DAC-02307 


After trimming the offset, apply the all one’s code to trim the 
gain. This corresponds to —F.S. for current and voltage output. 
Adjust the output to this value with the gain potentiometer. 


RELIABILITY 


The use of custom monolithic technology, thick and thin film 
networks, as well as careful thermal design results in very high 
MTBF values. All DAC-02306 and DAC-02307 hybrids are built 
in accordance with MIL-STD-883. 


DATA 


CLOCK 


FIGURE 2. SETUP AND HOLD TIMING 


DAC-02307 
FEEDBACK 2 


FEEDBACK 3 
FEEDBACK 1 


V OUT 


V OUT 
FIGURE 3. DAC-02307 GAIN ADJUST 
CIRCUIT FOR +2.5V OUTPUT 
DAC-02307 

FEEDBACK 2 
FEEDBACK 3 
FEEDBACK 1 

V OUT V OUT 

(+10V)* 


“For +5V output, refer to table 3. 


FIGURE 4. DAC-02307 GAIN ADJUST CIRCUIT 
FOR +5V AND +10V OUTPUTS 


DAC-02307 +1SV 


OFFSET 
20K 


FEEDBACK 3 


=v 


FIGURE 5. DAC-02307 OFFSET ADJUST CIRCUIT 
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TABLE 5. 
DAC-02306 PIN FUNCTIONS 


PIN 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 


—_ 
—_ 


ak) ok ok ek eB ed ek ek 
OAN DO & WW PM 


MMM N NY 
WN - Oo 


ORDERING INFORMATION 


FUNCTION 


+15VDC Input 
—15VDC Input 
STROBE IN 
Ground 

Bit 14 (LSB) 
Bit 13 

Bit12 

Bit 11 

Bit 10 

Bit 9 

Bit8 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit2 

Bit 1 (MSB) 
FEEDBACK 2 
| OUT 
FEEDBACK 1 
NC 

REF OUT 
+5VDC Input 


DAC-02306-1 1 3 


DAC-02306 AND DAC-02307 


TABLE 6. 


PIN FUNCTION 


+15VDC Input 
—15VDC Input 
STROBE IN 
Ground 

Bit 14 (LSB) 
Bit 13 

Bit 12 

Bit 11 

Bit 10 

Bit 9 

Bit 8 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 (MSB) 
FEEDBACK 2 
FEEDBACK 3 
FEEDBACK 1 
V OUT 

REF OUT 
+5VDC Input 


ANoOoahWND — 


Linearity Grade: 
3 = 13 bit 
2 = 12 bit 


Reliability Grade: 


Standard DDC procedures. 


Fully compliant with MIL-STD 883. 


Screened to MIL-STD-883 but 
without QCl testing. 


Temperature Range (Case): 


1= 
3= 


—55°C to + 125°C 
0°C to + 70°C 


DAC-02307 PIN FUNCTIONS 


6= Current Output, DDIP* 

7= Voltage Output, DDIP* 

8= Current Output, Flatpack 
= Voltage Output, Flatpack 


**Socket: Augat 324-AG2D or equivalent 


1.100+0.005 


90° PIN 1 
12 PINS EQUALLY SPACED 
COE SORNER) @0.100+0.002, TOLERANCE 


NON-CUMULATIVE jaeaeneee 
(3.81 +0.127) 


ooo 0o 0000000 0 
1 


0.805 MAX 
(20.447) 


0.600+0.002 
(15.24 +0.051) 


BOTTOM VIEW 
24 13 


©oo0o0000000 0 0 


1.400 MAX 
0. soaloees 005 (35.56) 0.125 /3.175 
(2.6162+0.127) 0.080 \ 2.032 


RAD (3 PLACES) 


0.200 MAX 


0.170 MIN pee) 0.015 MAX 
PINLENGTH 


(4.318) 


0. 0.016 ( 0.483 406 ) | 
0. 0.016 ( 0.406 406 ) SEATING 
(24 PLACES) PLANE 


1.) Dimensions are shown in inches (millimeters). 
2.) Lead identification numbers are for reference only. 
3.) Lead spacing dimensions apply only at seating plane. 
4.) Pin material meets solderability requirements of MIL-STD- 
202E, Method 208C. 
5 


FIGURE 6. DAC-02306/DAC-02307 MECHANICAL OUTLINE 


PIN 1 DENOTED BY 
CONTRASTING COLORED BEAD 


0.745 MAX PIN NUMBERS 
(18.923) FOR REF ONLY 


12 PINS EQ. SP. 
(a 0.100 = 1.100 


1.390 MAX TOLERANCE 
(35.306) TOP VIEW ==" — NON-CUMULATIVE 
aes 0.100 TYP 
(2.54) 
= ) 7 : 
0.015+0.003 TYP en + 0.145 +0.010 (REF) 
(0.381 +0.076) che.20) (3.68 +0.254) 


so he oteo 0 100(May 


(1.27) (4.57) 
FIGURE 7. DAC-02308/DAC-02309 MECHANICAL OUTLINE 
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DAC-02310 


DESCRIPTION: 


The DAC-02310 is a 14 bit, 10 MHz up- 
date rate, deglitched hybrid D/A con- 
verter with a low impedance voltage 
output. Its input registers, precision 
DC voltage reference and track/hold 
deglitcher output provide the com- 
plete solution to low noise DAC 
requirements. Packaged in a small 32 
pin TDIP hybrid, the DAC-02310 oper- 
ates over the full -55°C to +125°C 
temperature range and is available 
with military processing. 


DAC-02310 is available in linearity 
grades of 13 bits (+0.006%) and 12 bits 


DAC-02310 AND DAC-02311° 


14 BIT DEGLITCHED D/A CONVERTER 
10MHz Update Rate; Voltage Output 


DAC-02311 


(+0.012%). It can be pin programmed 
for 5 different output voltage ranges; 
and offset, gain, and pedestal errors 
can be trimmed to zero with external 
potentiometers. 


With its 14 bit resolution, low glitch 
voltage output and small hermetic 
package, the DAC-02310 is ideal 
for the most demanding low noise 
DAC requirements. It is particularly 
well suited for applications such as 
vector-stroke CRT displays, wave- 
form generators and automatic test 
equipment. 


FEATURES 


e FULL FUNCTION: 
INCLUDES INPUT REGISTERS 
AND TRACK/HOLD 
DEGLITCHER OUTPUT 


© HIGH SPEED: 
10MHz UPDATE RATE FOR 
SMALL STEP CHANGES 


e LOW GLITCH: 
10mMVpp GLITCH VOLTAGE 


e SMALL SIZE: 
32 PIN TDIP HYBRID 


e WIDE OPERATING 
TEMPERATURE: 
-55°C to +125°C 


GAIN REF REF 
ADJUST OUT IN 
@ 
23 
REF 25 24 


FET 
SWITCH 
14 BIT 


DAC | 


STROBE o— TIMING 


19 
15VDC Se 12 13 
+5v0C OS A ° 
26 
GND cae PEDESTAL DELAY 
ADJUST ADJUST 


FIGURE 1. DAC-02310 BLOCK DIAGRAM 


5Ka 
200 BIPOLAR 
21. 
2.5KN ae 
22 
O FB2 
10 
O FB3 
17 
— SENSE 


ANA OUT 


POS STROBE OUT 


NEG STROBE OUT 


© DDC Custom Monolithics utilized in this product are copyright under the Semiconductor Chip Protection Act. 
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TABLE 1. DAC-02310 AND DAC-02311 SPECIFICATIONS 
Typical values at +25° and nominal power supply voltages 
unless otherwise specified. 


PARAMETER UNITS VALUE 


13 BIT LIN] 12 BIT LIN 
RESOLUTION | 14 
ACCURACY 


Linearity Error 
Linearity Tempco 
Gain Error (1) 

Gain Tempco 
Offset Error (1) 
Offset Tempco 
Pedestal Error (1) 
Pedestal Tempco (2) 
Monotonicity 


DYNAMIC 
CHARACTERISTICS 
Settling Time to 
+%0.01% FSR 

+10V Full Scale Change 


ppmFSR/°C 
mV 


ppmFSR/°C 
Bits 


psec 


+5V Full Scale Change psec 
+2.5V Full Scale Change psec 
1 LSB Change nsec 


Slew Rate V/usec 20 typ 15 min 
Glitch (3) 
Voltage mVpp 10 typ 30 max 


Energy (7) mVensec | 250 typ 750 max 


DIGITAL INPUTS 
Logic Compability 


TTL 


Data Inputs 

Logic “1” Level +2.0 to +5 

Logic “0” Level 0 to +0.8 

Loading 1 standard LS TTL load 
Coding (negative 


Offset Binary (Bipolar) 
Binary (Unipolar) 


output) 


Strobe Input (4) 


Logic “1” Level +2.0 to 5 
Logic “0” Level 0 to +0.8 
Loading 2 standard S TTL loads 


Width 


ANALOG OUTPUT 
Voltage Ranges (5) 


+ 10, 2:5, 22.5, 0 to =10, 


Current Load 
Impedance 
REFERENCE 
Output Voltage 
Output Current (6) 
Input Voltage 
Input Impedance 


POWER SUPPLIES 


+15V Supply 

Tolerance 

Max Voltage 

Current Drain 40 typ 50 max 
-15V Supply 

Tolerance +5 

Max Voltage - 18 max 

Current Drain 25 typ 35 max 
+5V Supply 

Tolerance +5 

Max Voltage +5.5 max 


Current Drain 30 typ 45 max 
TEMPERATURE RANGE 


Operating (Case) 


-1 option =§5 to +125 
-3 option 0 to +70 
Storage -65 to +150 


DAC-02310 AND DAC-02311 


TABLE 1. DAC-02310 AND DAC-02311 SPECIFICATIONS (CONTD) 


PARAMETER 


RESOLUTION 


PHYSICAL 
CHARACTERISTICS 
Package 32 pin TDIP 
Size 1.15* 1.75«0.21 
(29x 44 x5) 
Weight 0.67 (19) 


NOTES: (1) Gain, offset, and pedestal errors are trimmable to zero. 
(2) Pedestal tempco is with no delay adjust capacitor pin 13 to pin 14. 
(3) Glitch is at 1 MHz update rate with a 5M#z filter. 
(4) Strobe input is a positive pulse. Data transferred on rising edge. 
(5) Output voltage ranges are pin programmable. 
(6) Measured with REFIN, REFOUT and BIPOLAR pins connected 
together. 
(7) Max Energy valid for 5V power supply +2% Energy increases at 
150mV/%5V power supply. 
TECHNICAL DESCRIPTION 


GENERAL 

DAC-02310 is a completely self-contained deglitched D/A 
converter. As shown in the block diagram of Figure 1, it 
contains a 14 bit DAC, input registers, a precision DC 
reference, a track/hold deglitcher output and timing cir- 
cuits. Its layout and compatible components provide the 
complete solution to low noise DAC design problems. 


TIMING 


Upon application of a STROBE IN signal the input 
registers are updated and the DAC-02310 output is held 
constant. As shown in Figure 2, the rising edge of the 
STROBE IN signal latches the input data. Internal timing 
circuits generate a POS STROBE OUT pulse which is 
used to open the FET switch at the op amp summing point. 
The output remains constant since the op amp feedback 
capacitor is charged. During this hold mode interval of 
approximately 40 nanoseconds, the DAC is changing 
value and its output glitch is settling to zero. At the end of 
the hold interval, POS STROBE OUT returns to is original 
track mode level and the FET switch closes. The DAC- 
02310 then smoothly changes to its new output level. The 
track/hold has effectively “masked out” the DAC glitch. 
POS STROBE OUT (pin 16) and NEG STROBE OUT (pin 
14) should not be loaded with external circuitry. 


DELAY ADJUST 


The hold time interval is internally set to approximate 40 
nanoseconds. For applications, such as CRT displays, 
which may require matched delays, an external DELAY 
ADJUST pin is provided. By adding a capacitor from pin 
13 to pin 14, the hold time interval is made longer. This 
effectively increases the delay of the DAC-02310. Figure 
3 illustrates the effect on hold time of adding capacitance 
to pin 13. 


EXTERNAL TRIMS 

Factory adjustment of DAC-02310 offset, gain and pedes- 
tal errors result in performance that is adequate for most 
applications. For more critical applications, DAC-02310 
provides pins for externally trimming offset, gain and 
pedestal errors to zero. Figure 4 illustrates trim pot values 
and circuit connections for external trims. 
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OUTPUT VOLTAGE PROGRAMMING 


DAC-02310 can be programmed for 5 different output voltage 
ranges by external jumpers between pins. Figure 6 illustrates 
the jumper connections required to yield +10V, +5V, +2.5V, 0 
to -10V, and 0 to -5V output voltage ranges. 


OUTPUT CURRENT 

The DAC-02310 can drive a load of +5mA. For applications 
with higher current loads, the DAC-02310 can be used with a 
current booster. Figure 5 shows the interconnection of the 
DAC-02310 and DDC model HCD-13 hybrid cable driver; this 
allows the use of +200mA loads. 


INTERNAL REFERENCE 


DAC-02310 contains a precision -10 volt internal reference 
which is made available for external use. For normal operation, 
REF OUT (Pin 25) must be jumpered to REF IN (Pin 24). Under 
these conditions, a maximum output current of 1 milliamp will 
be provided by the internal reference, while maintaining rated 


performance. 


BIT 1 THRU BIT 14 


DAC-02310° AND DAC-02311 


LAYOUT PRECAUTIONS 


To achieve the minimum noise performance available from the 
DAC-02310 deglitched D/A converter, high frequency layout 
considerations must be kept in mind when designing its printed 
circuit board. All analog conductor lengths must be kept toa 
minimum, and a large area ground plane must be used to keep 
ground impedances as low as possible. Digital inputs and 
analog output must be kept separated from each other to min- 
imize crosstalk. Circuits connected to the analog output must 
be kept as close to the D/A converter package as possible. 
Circuit connections to the external adjustment (offset, gain and 
pedestal) pins must be kept as short as possible, and must be 
kept separated from digital lines to minimize noise coupling. 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are recommended on each power 
supply for minimum noise operation. Each of the power supp- 
lies should have a 1 microfarad or larger tantalum capacitor in 
parallel with a 0.01 microfarad ceramic capacitor. All capaci- 
tors must be mounted as close as possible to the hybrid 
package. 


LLLLNVWVLLLLEBELLLLLA NLL 


20 ns min a UPDATE TIME | 
5 ns min 


STROBE IN 


-<—— 10 ns min 


HOLD 


POS STROBE OUT" 


ANALOG OUT 


TRACK 


“NO CAPACITOR PIN 13 TO PIN 14 


FIGURE 2. TIMING DIAGRAM 


HOLD TIME (nsec) 


200 


50 100 150 


PiN 12 
PEDESTAL 


CAPACITOR (pF) ADJUST 


PIN 13 TO PIN 14 


FIGURE 3. DELAY (HOLD) TIME ADJUST 
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FIGURE 4. 
EXTERNAL TRIM CIRCUITS 


DAC-02310 


ANALOG 
OUTPUT 


FIGURE 5. DAC-02310 AND CURRENT 
BOOSTER INTERCONNECTION 


BOG | DAC-02310° AND DAC-02311° 


CORPORATION 
JUMPER CONNECTIONS 
Voltage Range | Pin 22to | Pin21to | Pin20to | Pint7to | Pin 24to | 
postove Pint | | Pin 25 | Pint8 | Pin 25 
| oto-rov | Pin 18 (| Pin22_ | — | Pints | Pinas | 
| oto-sv | Pint. | Pins | SO | Pints | Pinas | 
FIGURE 6. OUTPUT VOLTAGE PROGRAMMING 


MECHANICAL OUTLINE 
32 Pin Triple DIP 


OUTPUT VOLTAGE* DAC- 02310 0.210 MAX 
INPUT DATA BIPOLAR ii 1) —| (5.3) 
[—INeUT oATA—[siPOLAR__[ UNIPOLAR ee coun 


00 0000 0000 0000 +5.0000V (4.6) 
O1 11117 1117 1111 +0.0006V feo 
10 0000 0000 0000 0 -5.0000V 
11:14914 1117 1111 -4.9994V -9.9994V 


*10 Volt Full Scale Range 


FIGURE 7. INPUT DATA CODING 


TABLE 2. PIN FUNCTION TABLE 
| PIN | FUNCTION FUNCTION 


folokeonowonomomomomeomeomeoneomoneme) 
- D 
Ww 
ne) 
Preomovonovomomomomenomomokozenene 
( 4 
( O. . 
3H 
nz m 
nolo 
wWwZ-“Bw 
Lous 
cs: 
ae = 


1 Bit 8 Sense 

2 Bit 7 Analog Out 

3 Bits -15 Volts 02 0.900 0.018 +0, 1 (0.46 +0.51) 

4 Bit S Bipolar 2 ome DIA PIN 32 REQ’D 

5 Bit 4 Feedback 1 

6 Bit 3 Feedback 2 NOTES: BOTTOM VIEW SIDE VIEW 

7 Bit 2 Gain Adjust 1. Dimensions shown are in inches (millimeters). 

8 Bit 1 (MSB) Reference In 2. Lead identification numbers are for reference only. 

9 +5 volts Reference Out 3. Lead spacing dimensions apply at seating plane (TDIPs only). 
Feedback 3 Ground 4. Pin material meets solderability requirements of MIL-STD-202E, 
+15 Volts Bit 14 (LSB) Method 208C. 

Pedestal Adjust Bit 13 

Delay Adjust Bit 12 MECHANICAL OUTLINE 
Neg. Strobe Out Bit 11 32 Pin Flatpack 

Strobe In Bit 10 


Pos. Strobe Out Bit 9 


DAC-02311 15 500 MIN 
r 12. sick 10 oo 
27.9 


ORDERING INFORMATION 
DAC -02310-103 
L— Linearity Grade: 


ai 


3= 13 bit | ’ ay sP @ 
_ ‘ + 010042. 
: = on : ' (TOL. NONCUM) 
Reliability Grade: 1.80 MAX | PIN 1 DENOTED BY (2.54 = 38.1) 
0 = Standard DDC procedures. (45.7) poopaiinatlliie 
2 NAili j * i OLORED BEAD ‘ 
1= Military processing available. 0.100 TYP 
2 = Military processing available 0.147 +0.010 (2.54) 
(3.734 + 0.254) 0.020R TYP 


but without QCI testing.” (0.508) 


[Ar 


Operating Temperature Range (case): 0.175 MAX TOP VIEW 0.015 + 0.003 TYP 
1= -55°C to +125°C (4.45) {0.318 + 0.076) 
Packaging: __ 
O= 32 pin TDIP 0.065 SIDE VIEW 0.010 + 0.002 
1= 32 pin flatpack (1.65) (0.254 + 0.508) 


*Consult factory for details. 
For current booster order HCD-13. 
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AND DGL-02316 


12 BIT DEGLITCHED D/A CONVERTER 
35 MHz Update Rate; Voltage Output 


DAC-02315 DGL-02316 


DESCRIPTION 


The DAC-02315 and DGL-02316 is a change offset and pedestal errors 
12 bit, 35 MHz update rate, deglitched _trimmable to zero with external poten- 
DAC hybrid pair with a low impedance _ tiometers. 

voltage output. Packaged in small, 24 With its 12 bit resolution, low glitch volt- 
pin DDIP hybrids, the DAC-02315 and age output and small hermetic pack- 
DGL-02316 offer a —55°C to +125°C ages, the DAC-02315 and DGL-02316 
operating temperature range andscreen- jg ideal for the most demanding low 
ing to MIL-STD-8838B, revision C. noise applications such as vector-stroke 
The DAC-02315 and DGL-02316 pair CRT display, waveform generators and 
offers 35 nsec settling for a full scale automatic test equipment. 


FEATURES 


@ HIGH SPEED — 
35 MHz UPDATE RATE FOR FULL 
SCALE CHANGES 


@ LOW GLITCH - 
14mVpp GLITCH VOLTAGE 
38ns GLITCH DURATION 


@ SMALL SIZE - 
24 PIN DDIP HYBRIDS 


@ —55°C TO +125°C OPERATION 


@ MIL-STD-883 SCREENING 
AVAILABLE 


e FULL FUNCTION —- 
EVALUATION CARD AVAILABLE 


DAC-02315 


REF OUT 
REF IN 


BUFFER 
AMPLIFIER 


DATA 
BITS 1-12 


STROBE IN 


DGL-02316 


FET OUTPUT 
AMPLIFIER 


ATE 
CONTROL 


Vout 


FIGURE 1. DAC-02315/DGL-02316 BLOCK DIAGRAM 
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TABLE 1. DAC-02315/DGL-02316 SPECIFICATIONS 
Typical values at 25°C and nominal power supply voltages unless 
otherwise specified. 


PARAMETER UNITS VALUE 


ACCURACY 


% FSR 
PPM/°C 


+0.0125 max 
+5 


Linearity Error (2K max load) 
Linearity Tempco 


Offset (trimmable to zero) mV 25 typ, 100 max 
Offset Tempco mv/°C | 0.2typ, 0.5 max 
Pedestal mV 25 typ, 100 max 
Pedestal Tempco uV/C | 6Otyp, 150 max 


Monotonicity bits 12 


DYNAMIC 
CHARACTERISTICS 


Settling Time (2LSB) 
Full Scale Change 
1 LSB Change 
Update Rate 
Slew Rate 


Glitch Amplitude 
(20 MHz Filtered) 


Glitch Duration 
(20 MHz Filtered) 


DIGITAL INPUTS 
Logic Compatibility 
Data Inputs 


35 typ, 50 max 
20 typ 
35 min 
400 min 


14 max 


38 max 


ECL 


Logic 1 —0.81 to —0.96 (100A max) 
Logic 0 — 1.65 to — 1.85 (1 Amax) 
Coding 
Unipolar Complementary Binary 
Bipolar Complementary Offset 
Binary 


ANALOG OUTPUTS 


Voltage Range + 0.5 max 
Steady State Current +1 max (for 0.01%) 
Transient Current +50 max 


Output Impedance 5 typ, 10 max 


REFERENCE AND 
SIGN OFFSET 


Internal + 10.000V Ref 
Accuracy +0.1 max 
Max Current Out 15 max 


Optional External Ref +10+10% 
Ref Current Requirement 
Ref Input 


Sign Offset 


POWER SUPPLIES 
Voltage 

Regulation for Full Accuracy 
Current 


4.0typ, 4.4 max 
8.0 typ, 8.8 max 


+2 +2 +5 +3 
85 | 112 45 0.5 
100 | 125 65 2.0 


TEMPERATURE RANGE 


-1 Option (Case) —55to +125 
-3 Option (Case) Oto+ 70 
Storage —65 to +150 


PHYSICAL 


CHARACTERISTICS 
Package (each hybrid) 24 Pin DDIP 
Size 1.4x0.8x0.2 
(35.56 x 20.32 x 5.08) 


Weight 0.4(11.2) 


DAC-02315 AND DGL-02316 


INTRODUCTION 


The DAC-02315 and DGL-02316 is composed of two hybrids: 
a D/A converter and track/hold deglitcher. These modules may 
be purchased separately by the user to assemble in his own 
system. The DAC-04300 evaluation card includes, in addition 
to the hybrid pair, TTL/ECL translators, input latches, trim poten- 
tiometers and a careful layout with distributed Capacitors to op- 
timize glitch and settling time characteristics. Figure 2 illustrates 
the DAC-04300 Evaluation Card schematic as a layout example. 


The DAC-02315 generates analog output currents which are 
digitally controlled, binary weighted, discrete fractions of a refer- 
ence voltage. Typically, the internal reference of the DAC is 
used for this purpose, although external regulated references 
may also be employed. The analog output is controlled by a 
ladder network of thin film precision resistors, controlled by bipolar 
transistor switches turned on and off in accordance with the 
digital input code. 

The DGL-02316 track/hold deglitcher includes a voltage holding 
capacitor connected to the input signal through a switch. The 
input signal and output voltages are both buffered by amplifiers. 
The switch is controlled by an ECL logic gate signal which deter- 
mines whether the holding capacitor voltage and output voltage 
will track the input signal (switch closed, logic 0) or will be held 
constant, retaining the value of the input at the moment the 
switch opens (switch open, logic 1). Figure 3 illustrates output 
waveforms of the DAC-02315/DGL-02316. 


The following applications information includes the characteris- 
tics both of the DAC-04300 evaluation card and of the individual 
modules as part of a D/A converter. 


DEGLITCHING 


Glitches (voltage spikes) in the output of the conventional D/A 
converters are primarily caused by data skew and by switches 
which cause faster turn-on than turn-off times. Thus, whenever 
a code change occurs, there will be a short period of time (meas- 
ured in nsec) when some spurious codes will exist. The DAC 
will attempt to follow these codes, resulting in a transient known 
as a glitch. The worst case occurs at the major carry point when 
the input codes are transitioning from 1000...0 to 0111...1. The 
spurious code may then be 1111...1, and the D/A output will 
momentarily slew full scale. 


The DAC-02315/DGL-02316 minimizes these glitches by using 
a carefully designed low transient track and hold amplifier (de- 
glitcher) after the D/A. Thus, the deglitcher can be gated into 
the hold mode during the D/A output transient and released into 
the track mode after the transients have settled out. The resultant 
output then makes a very clean transition from one value to 
another. Using this technique, glitches are not only greatly re- 
duced, but are only a function of deglitcher design, and hence 
are the same for any transition and can be effectively filtered out. 


INPUT LATCHES 


Input latches must be employed in order to minimize data skew 
and digital feedthrough errors associated with high speed digital 
circuitry. ECL MC-10H76 registers are recommended either di- 
rectly or in tandem with TTL/ECL MC-10124 translators, as 
shown in the schematic in figure 2. Figure 4 illustrates an appro- 
priate input latch configuration. 
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DAC-02315 AND DGL-02316 


MAJOR TRANSITION 


SCuseseeee, 
COC A 
COCO ee 
ae 
a 
CET 
Fa A 


10MHz Clock, 10MHz Filter 


pitt tet te | 


500KHz Clock, 10MHz Filter 


BERRA 


10MHz Clock, 10MHz Filter 


MAJOR TRANSITION 


pfem Pe tT TT fu 


500KHz Clock, 10MHz Filter 


SRRREAESE 
pi tt te | TT 
FS a a 
pT e Pp ety 
ERE 
pty Tt et TT 
ER EREESEE OE 


10MHz Clock, 10MHz Filter 


Note: All scope photos referenced to +5V FSR 


FIGURE 3. OUTPUT WAVEFORMS 
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+5.2V 


2 MSB 


: 
16 


MC10H76 


lout 


14 
10 
DAC-02315 
2 
3 
4 
LSB 


STROBE IN 


FIGURE 4. INPUT LATCH CONFIGURATION 


TIMING 


As illustrated in figure 5, the user’s strobe pulse activates the 
timing circuit in the deglitcher. The timing circuit simultaneously 
opens the T/H amplifier switch so that its output remains con- 
stant. The latch is activated so that the input data bits are con- 
verted to an analog current by the D/A converter. After the analog 
current conversion has been completed, the T/H amplifier switch 
is closed again. The T/H amplifier then tracks the D/A converter, 
converting the D/A current into a voltage. The system output 
becomes stable after the T/H settles out. 


git1 —>| KO STABLE DATA 
THRU 7 WLLL CARE LAV 


2ns MIN] UPDATE TIME 
|<—10ns MIN 


STROBE IN — fb L$ 
|«»|— 20ns MIN 


ANALOG a 
OUT 
FIGURE 5. DAC-02315/DGL-02316 OUTPUT WAVEFORMS 
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LAYOUT PRECAUTIONS 


To achieve the minimum noise performance available from the 
DAC-02315/DGL-02316 deglitched D/A converter, high fre- 
quency layout considerations must be kept in mind when design- 
ing its printed circuit board. All analog conductor lengths must 
be kept to a minimum; in particular, the DAC-02315 output (pin 
9) and DGL-02316 analog input (pin 22). 


Figure 6 illustrates a recommended layout with regard to DAC- 
02315/DGL-02316 and input latch relative positioning. A large 
area ground plane must be used to keep ground impedances 
as low as possible. Digital inputs and analog output must be 
kept separated from each other to minimize crosstalk. Circuits 
connected to the analog output must be kept as close to the 
D/A converter package as possible. Circuit connections to the 
external adjustment (offset, gain and pedestal) pins must be 
kept separated from digital lines to minimize noise coupling. 


Figure 6 illustrates a recommended layout. Figure 12 illustrates 
the suggested physical positioning of these components to 
achieve optimal performance. 


PIN 1 


oooo 000000090 0 
1 12 


DGL-02316 
13 
9000000000 


PIN 1 


eooo0o0o0g0 0 6 
1 


DAC-02315 


24 13 
ooo0o0o000 0000 0 


r =" 
G OG 
< < 
Ss me 


FIGURE 6. RECOMMENDED LAYOUT 


POWER SUPPLY DECOUPLING 


Decoupling capacitors are recommended on each power supply 
for minimum noise operation. Figure 7 illustrates a recommended 
power supply decoupling scheme for the DAC-02315/DGL- 
02316. All capacitors must be mounted as close as possible to 
the hybrid packages. Note that the offset and pedestal trim ad- 
justments are also decoupled (see figure 8). 


EXTERNAL TRIMS 


Factory adjustment of DAC-02315/DGL-02316 gain, offset and 
pedestal errors result in performance which is adequate for most 
applications. For more critical requirements, the DGL-02316 pro- 
vides pins for externally trimming offset and pedestal errors to 
zero. Figure 8 illustrates trim pot values and circuit connections 
for external trims. Figure 9 illustrates scope traces during output 
trim adjustments. 
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CORPORATION 
+15V —15V 


PEDESTAL OFFSET 
ADJUST ADJUST 


1000 UNIPOLAR 
502 BIPOLAR 


DGL-02316 


DAC-02315 


O.1uf] O.1uf O.1uf | 0.1 uf 


O.1uf O.1uf 


DGL-02316 DAC-02315 


O.1uf} 0.1 yf 


—1.3V 


FIGURE 8. PEDESTAL, GAIN AND 
FIGURE 7. POWER SUPPLY DECOUPLING OFFSET TRIM CIRCUITS 


>} — TRACK 
ECL “ ” 
LJ Lf LOGIC “0” 


}«——— HOLD >| 
DC OFFSET | 
: V PEDESTAL 
OUTPU f OUTPUT 
OVOLTS UNTRIMMED 
TRANSIENTS 
PEDESTAL 
OUTPUT TRIMMED 
OVOLTS 


DC OFFSET 
OVOLTS Sn i AND TRIMMED 


FIGURE 9. SCOPE TRACES DURING OUTPUT TRIM ADJUSTMENTS 
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REFERENCE 


The DAC-02315 has an internal reference supply and is factory 
calibrated with this supply. Fixed external references of 
+10VDC+10% can be accomodated and the output current will 
be linearly proportional to the reference voltage over this range. 


ANALOG OUTPUT 


Figure 10 illustrates a scheme for achieving +5V output. Since 
the DAC-02315/DGL-02316 is rated for +0.5V at +1mA, an 
output buffer amplifier must be used to achieve higher output 
voltage levels and to maintain 12 bit linearity, under heavy load. 


DAC-02315 AND DGL-02316 


OUTPUT CODING 


The DAC-02315 accepts either complementary binary input data 
for unipolar analog output or bipolar complementary offset binary 
data for bipolar analog output. Table 2 illustrates the Bit Weight 
Table for the DAC-02315. 


DAC-04300 EVALUATION CARD 


Figure 11 illustrates the block diagram for the DAC-04300 VME 
demo card which incorporates TTL/ECL translators, ECL 
latches, DAC-02315, DGL-02316, output buffer amplifiers, and 
timing diagram circuitry to achieve 12-bit, 35 MHz performance. 
Figure 12 illustrates switch configurations for output drive op- 
tions (+0.5V into 1kQ. and +5.0V into 502 or 1k). Figure 13 
illustrates the mechanical outline of the card and Table 3 
delineates the DAC-040300 evaluation card pin-out. 


+15V +15V 


1.91KO 


1.37KO 


Z2DF 


2N5912 


4.42K0 2000 


12 


ANALOG 
OUTPUT 


FIGURE 10. +5V ANALOG OUTPUT CIRCUIT 
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TABLE 2. BIT WEIGHT TABLE 


ANALOG OUTPUT DIGITAL BIT INPUTS 


UNIPOLAR BIPOLAR 
COMPLEMENTARY COMPLEMENTARY 
BINARY OFFSET BINARY 


Oo 


+F.S, -1LSB +F.S:~1.L36 
+4FS. +VeFS. 


+V¥F.S. +1LSB 
+lF.S. 0 
+%F.S.—-1LSB —1LSB 
+V%4F.S. —VF.S. 
+1LSB —-F.S.+1LSB 
0 —F.S. 


a ee eo = = = 
--=- 323 0-8--=0/0 
eS ee ee ee oa eS 
“a~-3= 342 O--440/m 
-=-320-==0/0 
-~-2-320-2--40/~N 
==-3-0O--4 01/0 
-=-3--4-0---40!/0 
a oa a a) 

a--43-4-0O-24--40 

=-OoO-0-0-0 


ECL 
LATCHES 


0 Vout 


TTLV/ECL 


TRANSLATORS BAG 02315 


DATA 


DGL-02316 


TIMING 


FIGURE 11. DAC-04300 EVALUATION CARD BLOCK DIAGRAM 


STROBE 


DGL-02316 
OUTPUT 


ANALOG 
OUTPUT 


$1 S2 
1 
| | AMP + BUFFER OUT 
C2! Ic4 502 drive capability of + 5V 
aon | DEGLITCHER OUT DIRECT 
C4 IkQQ drive capability of +0.5V 
1 
| | AMP OUT DIRECT 
co * Ic4 1KQ) drive capability of + 5V 


FIGURE 12. DAC-04300 OUTPUT OPTIONS 
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DAC-02315 AND DGL-02316 


ifs} = 
D uv =p ow B 


RAS C29 
Rip | 


© 
ib 
2 aL ve 
gO 
el p <x 3.9” 
a 
S2 
N 
Mo» 4 
5 = 
LG ‘da D 
© 


1. Connector is Intermas PN409043606 (A-C)2. 


0.985 FIGURE 13. DAC-04300 EVALUATION CARD MECHANICAL OUTLINE 


TABLE 3. DAC-02315 PIN FUNCTIONS 


[ew [runeion [PN [FUNCTION 


+15VDC Input Bit 1 (MSB) 
Ref. Out Bit 2 
Ground” Bit 3 
Ground* Bit 4 
Ground’ Bit 5 
Signal Offset Bit6 
Feedback 2 Bit 7 

Ref. In Bit8 
Output Bit 9 
Feedback 1 Bit 10 
—1.3VDC = Vip Bit 11 
—15VDC Bit 12 (LSB) 


ONOoaWND — 


*All grounds are tied to the case. 


TABLE 4. DGL-02316 PIN FUNCTIONS 


1 Offset Adjust Analog Ground 

2 —§.2 VDC +15 VDC 

3 Gate Input Output 

4 Digital Ground Analog Ground 

5 NC NC 

6 Pedestal Adjust Pedestal Adjust 

rs Analog Ground NC 

8 NC NC 
Analog Ground Analog Ground 
NC Analog Input 
—15VDC Offset Adjust 
Analog Ground Analog Ground 


TABLE 5. DAC-04300 PIN FUNCTIONS 


Strobe 
Ground 


Ground 
Bit 11 
Ground 
Bit 10 


Bit 12 (LSB) 


"pw [runction [PIN [FUNCTION 


Ground 
Bit 4 
Ground 
Bit 3 
Ground 
Bit 2 
Ground 


Bit 1 (MSB) 
Ground 


Ground 
Bit 9 


Ground —5.2 VDC 
Bit8 +5 VDC 
Ground +15 VDC 

Bit 7 —15VDC 
Ground Ground 

Bit 6 No Connection 


Ground 
Bit 5 


Ground 


BOG 
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90° PIN 1.100+0.005 


f 
12 PINS EQUALLY SPACED 
(IDENTIFICATION = —@ 100 +0.002, TOLERANCE 


NON-CUMULATIVE 0.150+0.005 
(3.81 +0.127) 


oo0o0o0o0o0g00co 00 000 


0.600 +0.002 
0.805 MAX 
(20.447) 


(15.24+0.127) BOTTOM VIEW 
24 13 


setae hac 


1.400 MAX 
0.103+0. sosloms (35.56) ~ 0.125 (3.175 
(2.6162+0.127) 0.080 \ 2.032 


RAD (3 PLACES) 
0.2 MAX 
0.170 MIN (5.08) 0.015 MAX 
PINLENGTH (3.81) 


(4.318) 


SIDE VIEW { 


0.019 76 ( 0. 0-406 ) | 
0.016 76 ( 0.406 406 ) SEATING 
(24 PLACES) PLANE 


Notes: 

(1.) Dimensions are shown in inches (millimeters). 

(2.) Load identification numbers are for reference only. 
(3.) Lead spacing dimensions apply only at seating plane. 
(4.) 


Pin material meets solderability requirements of MIL-STD-202E, 


Method 208C. 
(5.) Case tied to analog ground. 


FIGURE 14.24 PIN DDIP MECHANICAL OUTLINE 


ORDERING INFORMATION 


DAC-02315-112 


Reliability Grade: 


0 = Standard DDC procedures. 
1 = Fully compliant with MIL-STD 883. 


DAC-02315 AND DGL-02316 


2 = Screened to MIL-STD-883 but 


without QCI testing. 


Operating Temperature Range (Case): 


= —§5°C to +125°C 
3= 0O°C to +70°C 


Type: 
DAC-02315 
DGL-02316 


DAC-04300 Evaluation Card 
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12 BIT DEGLITCHED D/A CONVERTER 
15 MHz Update Rate; Voltage Output 


PRELIMINARY 


FEATURES 


@ FULL FUNCTION: 
INCLUDES INPUT REGISTERS 
AND TRACK/HOLD DEGLITCHER 
OUTPUT 


DESCRIPTION 


Continuing DDC’s series of leadership (+0.012%). It can be pin programmed 
display DACs, the DAC-02320 isa 12 for 3 different output voltage ranges. 
bit, 15 MHz update rate, deglitched Offset and gain errors can be trimmed 
| hybrid D/A converter with a low im- to zero with external potentiometers. 
pedance voltage output. Its input 

registers, precision dc voltage refer- 

ence, and track/hold deglitcher output APPLICATIONS 

provide the complete solution to low With its 12 bit resolution, low glitch 
noise DAC requirements. Packaged in voltage output, and small hermetic 
a small 24 pin DDIP, the DAC-02320 package, the DAC-02320 is ideal for the 
operates over the full “55°C t0+125°C mot demanding low noise DAC re- 
temperature range and military process- quirements. It is particularly well suited 
ing is available (consult factory). for applications such as vector-stroke 
DAC-02320 is available in linearity CRT displays, waveform generators, 
grades of 13 bits (+0.006%) and 12 bits and automatic test equipment. 


© HIGH SPEED: 
15 MHz UPDATE RATE FOR SMALL 
STEP CHANGES 
200 NSEC SETTLING FOR F.S. 


® SMALL SIZE: 
24 PIN DDIP HYBRID 


® WIDE OPERATING TEMPERATURE: 
-55°C to +125°C 


GAIN _ 10 -10V 
ADJUST © REF 


2 


14 
O FEEDBACK 


1 
UNIPOLAR O 
2.0KQ 


BIT 1 1KQ 
12 BIT 
THRU DAC TH 13 
BIT 12 x ‘ ; O ANA OUT 
ST 7 1 
ROBE ; TIMING O OFFSET ADJ 


8 
+15VDC O-———> 15 


17 18 
+5VDC O———> DIG GND 
16 S 


-5VDC O----—> 


FIGURE 1. DAC-02320 BLOCK DIAGRAM 
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TABLE 1. DAC-02320 SPECIFICATIONS 
Typical values at +25°C case temperature and nominal power supply 
voltages unless otherwise specified. 


PARAMETER | UNTS | ___NaLWES —_—_— 
/13 BITUN | 12 BIT LIN | 
[RESOLUTION | Bits | 12 | 


ACCURACY 
Linearity Error 


Gain Error’ 

Gain Error Tempco 

Offset Error’ 

Offset Error Tempco 

Monotonici 

DYNAMICS 

Settling Time to 

+0.01% FSR 
+10V FS Change 
+5V FS Change 

1 LSB Change 
Slew Rate 
Glitch (2) 
Voltage 
Energ 
DIGITAL INPUTS 

Logic Compatibility 

Data Inputs 
Logic "1" Level 
Logic "0" Level 
Loading 
Coding (negative 
output) 

Strobe Input (3) 
Logic "1" Level 
Logic "0" Level 
Loading 


ANALOG OUTPUT 
Voltage Ranges (4) 
Current Load 


POWER SUPPLIES 
+15 Volt Supply 
Tolerance 

Max Voltage 
Current Drain 
-15 Volt Supply 
Tolerance 
Max Voltage 
Current Drain 
+5 Volt Supply 
Tolerance 
Max Voltage 
Current Drain 
-§ Volt Supply 
Tolerance 
Max Voltage 
Current Drain 


+0.006 max | +0.012 max 


+1 max 
+0.1 

+25 max 
+10 

+20 max 
12 


200 max 

180 max 

50 max 

300 typ 200 min 


10 typ 30 max 


+2.0 to +5 

0 to +0.8 

1 standard LS TTL load 
Offset Binary (Bipolar)Bi- 
nary (Unipolar) 


+2.0 to 5 

0 to +0.8 

2 standard S TTL Loads 
10 min 


+10, +5, 0 to +10 
+20min 
0.1max 


+5 
+18 max 
70 typ 100 max 


+5 
-18 max 
35 typ 60 max 


+10 
+7 max 
70 typ, 100 max 
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TABLE 1. DAC-02320 SPECIFICATIONS continued 


VALUES 
|POWER DISSIPATION | ss W_| 2.2 typ, 3.3max 
TEMPERATURE 
RANGE 
Operating (Case) 
-1 Option -55 to +125 
-3 Option 0 to +70 


Storage -65 to +150 


PHYSICAL 
CHARACTERISTICS 
Package 24 pin DDIP hybrid 
Size i 1.300 x 0.790 x 0.210 
(33.020 x 20.066 x 5.334) 


(1) Gain and offset errors are trimmable to zero. 

(2) Glitch is at 1 MHz update rate with a 5MHz filter. 

(3) Strobe input is a positive pulse. Data transferred on rising edge. 
(4) Output voltage ranges are pin programmable. 


TECHNICAL DESCRIPTION 

GENERAL 

DAC-02320 is a complete self-contained deglitched D/A con- 
verter. As shown in the block diagram of Figure 1, it contains a 
precision DAC , input registers, a precision DC reference, a 
track/hold deglitcher output , and timing circuits. Its layout and 
compatible components provide the complete solution to low 
noise DAC design problems. 


TIMING 

Upon Application of aSTROBE IN signal the input registers are 
updated and the DAC-02320 output is held constant. As shown 
in Figure 2, the rising edge of the STROBE IN signal latches the 
input data. Internal timing circuits generate a pulse which is used 
to open the T/H. The output remains constant since the op amp 
feedback capacitor is charged. During the hold mode interval of 
approximately 20 nanoseconds, the DAC is changing value and 
its output glitch is settling to zero. At the end of the hold interval 
the T/H returns to its original track mode level. The DAC-02320 
then smoothly changes to its new output level. The track/hold 
has effectively "masked out " the DAC glitch. 


EXTERNAL TRIMS 

Factory adjustment of DAC-02320 offset and gain errors result 
in performance that is adequate for most applications. For more 
critical applications, DAC-02320 provides pins for external 
trimming offset and gain errors to zero. Figure 3 illustrates trim 
pot values and circuit connections for external trims. 


OUTPUT VOLTAGE PROGRAMMING 

DAC-02320 can be programmed for 3 different output voltage 
ranges by external jumpers between pins: For +10V range, no 
external connections ar e required; for +5V range , pin 14 must 
be jumpered to pin 13; or for 0 to +10V range , pin 14 must be 
jumpered to pin 13 and pin 11 must be jumpered to pin 12. 
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SETTLING 

The DAC-02320 settling time of 200 nsec max for a F.S. input 
and SO nsec max for a 1LSB change is based on one strobe to 
the D/A and waiting for settling to +0.001% FSR. For FS. 
settling of the analog output at an update rate of 1SMHz the T/H 
duty cycle must be considered. Since the encode rate is 1SMHz, 
there are a total of 66 44 nsec between strobes. For 20 nsec of 
this period the T/H is in HOLD where, by definition, the slew 
rate is zero. The remaining TRACK time of 66 34 nsec slews at 
200 V/usec min. As a consequence the settling time to 0.01% 
FSR for a full scale change at a 15 MHz update rate is 280 nsec 
because 4 periods of HOLD, each of 20nsec duration, are added 
to the overall settling time. The T/H duty cycle must be con- 
sidered for calculation of settling time at high update frequen- 
cies. 


|e STABLE DATA 


DAC-02320 


LAYOUT PRECAUTIONS 

To achieve the minimum noise performance available from the 
DAC-02320 deglitched D/A converter, high frequency layout 
considerations must be kept in mind when designing its printed 
circuit board. All analog conductor lengths must be used to keep 
ground impedances as low as possible. Digital inputs and analog 
output must be kept separated from each other to minimize 
crossstalk. Circuits connected to analog output must be kept 
close to the D/A converter package as possible. Circuit connec- 
tions to the external adjustment ( offset and gain ) pins must be 
kept separate from digital lines to minimize noise coupling. 


POWER SUPPLY DECOUPLING 

Decoupling capacitors are recommended on each supply for 
minimum noise operation. Each of the power supplies should 
have a 1 microfarad or larger tantalum capacitor in parallel with 
a 0.01 microfarad ceramic capacitor. All capacitors must be 
mounted as close as possible to the hybrid package. 


Ons min ar: 
15 ns min 


UPDATE TIME sth 


STROBE | 7 | | 


IN 


}< 10 ns min 


<6 ns 


YY 


T/H 
/+-—— 20 ns ————_—_——> 


ANALOG A sais icatieaciage 
OUT 


FIGURE 2. TIMING DIAGRAM 
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+15V 
PIN 11 1.0MQ 
OFFSET 20K 
ADJUST 
T 0.01uf 
= 15V 
+15V 
PIN 10 0.5MQ 
GAIN 20K 
ADJUST 
7T* 0.01uf 
= -15V 


FIGURE 3. EXTERNAL TRIM CIRCUITS 


CORPORATION 


vial DAC-02320 


TABLE 2. INPUT DATA CODING 0.790 MAX 0.210 MAX 
INPUT DATA BIPOLAR UNIPOLAR 0.600 +0.002 


1111 1117 1111 
1000 0000 0000 
01411 1117 1111 
0000 0000 0000 


+9.9976V 
+5.0000V 
+4.9976V 
0 


(15.2 +0.05) 0.250 
acca (6.4) 


12 PIN EQ. SP. 
1.300 MAX @ 0.100 = 1.100 
(33.02) TOL NON-CUMULATIVE 


Bit 6 Bit 7 r =a 

Bit 5 Bit 8 
0.020 DIA 24 PLACES 
0.016 


Bit 4 Bit 9 0.100 


Bit 3 Bit 10 (2.54) ae 
Bit 2 Bit 11 (33) 
Bit 1 (MSB) Bit 12 (LSB) 
Strobe In Digital Ground BOTTOM VIEW SIDE VIEW 
+15V supply +5V supply 
-15V suppl -5V suppl cl 
Pply PPY 1. Dimensions shown are in inches (millimeters). 
Gain Adjust Analog Ground 2. Lead identification numbers are for reference only. 
j 3. Lead spacing dimensions apply at seating plane. 
il iui reaman 4. Pin acter es solderability requirements of 
Unipolar Vout MIL-STD-202E, Method 208C. 
FIGURE 4. DAC-02320 MECHANICAL OUTLINE 
(24 PIN DDIP) 
ORDERING INFORMATION 
DAC-02320- X X X 
Linearity Grade: 
3= 13 bit 


2= 12 bit 


Reliability Grade: 
O= Standard DDC procedures. 
1= Military processing available.* 
2= Military processing available but 
without QCI testing.* 


Operating Temperature Range (case): 
1= -55°C to +125°C 
3= O°Cto +70°C 


*Consult factory for details. 
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SECTION C 
SAMPLE/HOLD and TRACK/HOLD AMPLIFIERS 


‘PRODUCT SUMMARY TABLE 


ACQUISITION 
DESCRIPTION 


FEATURES 


10 nsec +0.012% | 24PinDDIP| 20psec 100MHz 1.0m |-55°C to +125°C Includes buffer 
FSR Hybrid typ V/s amplifier, 50 MHz 
1.4 x 0.8 x 0.2" sample rate. -60dB 
feedthrough. 


+0.005% | 24PinDDIP| 50 psec 16MHz 0.5 U -55°C to +125°C 685mW High speed and High 
Hybrid typ V/[s accuracy. HTC-0300 
1.4x 0.8 x 0.2" and TP 4680 pin 
compatible. 74dB 
_| feedthrough. 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 


C-1 


S/H AND T/H AMPLIFIERS 


BACKGROUND INFORMATION 


INTRODUCTION 


Sample/hold and track/hold amplifiers are used when the voltage 
level of a signal must be held or stored for a short period of 
time. A signal which varies rapidly may have to be held con- 
stant to allow time for an analog to digital or synchro to digital 
conversion to take place, or it may have to be stored while 
multiplexed signal channels are converted sequentially. 


DDC’s sample/hold and track/hold amplifiers are distinguished 
for their speed and low jitter. The new TH-8530 track/hold is 
in fact faster than any other track/hold or even sample/hold 
amplifier currently available. The DGL-13 track/hold falls into 
a different category. Designed for deglitching D/A converters, 
it has exceptionally low glitch and a preprogrammed hold time 
initated by an external strobe. 


The main components of a S/H or T/H amplifier are shown in 
the simplified diagram of Figure 1. When the switch is closed 
the output signal follows the analog input, and when the switch 
is opened the output voltage is ideally fixed at the level of the 
input because it is stored on the holding capacitor. The dif- 
ference between a S/H and T/H amplifier is that a sample/hold 
can only sample the input signal briefly, whereas a track/hold 
can track the input continuously. In a S/H the gate is AC coupled 
to the switch, and the switch can remain closed for only a brief 
time. In a T/H the gate is DC coupled to the switch, and the 


switch remains closed as long as the gate signal stays in the track 
mode. 


BUFFER 
AMPLIFIER 


BUFFER 
AMPLIFIER 


SWITCH 


tel ae OUTPUT 
GATE HOLDING 
AMPLIFIER CAPACITOR 
GATE 
INPUT 


FIGURE 1. SIMPLIFIED DIAGRAM OF TRACK/HOLD 
OR SAMPLE/HOLD AMPLIFIER 


The relationships between the output, input, and gate signals of 
a S/H or T/H amplifier are complex. In these devices there are 
delays between the gate signal changes and the opening or 
closing of the switch. Time is required for the output to settle, 
the output can have offsets and input signals can feed through 
to the output even when the switch is open. These effects are 
illustrated in Figure 2, and are discussed in the following 
sections. 


C-2 


TERMINOLOGY AND SIGNAL RELATIONSHIPS 


The definitions which follow describe the key terms used to 
characterize S/H and T/H amplifiers. The terminology is depicted 
graphically in Figure 2. 


leg ACQUISITION 
I TIME 


| 

| OUTPUT CHANGE CAUSED 

| BY INPUT CHANGE TIMES 
FEEDTHROUGH ATTENUATION 


OUTPUT 
SIGNAL 


SETTLING 
TIME t DROOP 
OUTPUT LEVEL +— 
AFTER SETTLING” 


PEDESTAL 
—_ INPUT 

LEVEL WHEN 
| SWITCH OPENS 
| APERTURE 
TIME DELAY 
(T,) 


ACQUISITIO 
TURN-ON 
DELAY 


_-— 
~ 
Coen 
~ 


f utter IS CAUSED BY VARIATION 
OF TIME AT WHICH SWITCH OPENS 
(SEE FIG. 3) 


TRACK OR 
SAMPLE 
TIME 


HOLD RACK OR SAMPLE TIME HOLD TIME 


FIGURE 2. RELATIONSHIP OF OUTPUT, INPUT, AND 
GATE SIGNALS 
(Assuming Gate Logic 0 = Hold) 


A logic gate signal initiates the track or sample period. After this 
signal has been applied, the holding capacitor requires an interval 
of time called the Acquisition Time to charge to the point 
where it can track the input signal. The acquisition time depends 
on the magnitude of the voltage change required. It includes 
the Acquisition Turn-On Delay which is the time interval be- 
tween application of the logic signal and the switch closure, plus 
in some cases output buffer activation time. The minimum 
track or sample period must be at least as long as the Acquisi- 
tion Time. 


When a signal is applied to the gate to initiate the hold period, 
there is a short delay, the Aperture Time Delay (T,), before the 
switch opens to isolate the holding capacitor from the analog 
input. The delay itself can be compensated for, but the Aperture 
Time Delay Uncertainty (Jitter) associated with the delay can 
lead to errors, as shown in Figure 3. 


TIME t 


FIGURE 3. APERTURE TIME UNCERTAINTY 
ERROR (JITTER) 


The time needed for the S/H amplifier output to settle out to 
the holding capacitor voltage after the gate changes from the 
sample mode to the hold made is the Settling Time, which in- 
cludes the aperture time delay. Settling time is defined as the 
time required for an amplifier to settle to its final value + a 
specified error band. If the output voltage is used at a shorter 
time interval after switching to the hold mode, errors will be 
introduced. 


After the switch is opened and the output has settled, the 
output voltage generally increases or decreases linearly with 
time. This Droop is caused mainly by the bias current of the 
output buffer amplifier and by leakage through the switch. The 
bias current and leakage can be positive or negative. Droop can 
also be caused by leakage from the holding capacitor. The droop 
rate will determine how long a hold time can be tolerated to 
maintain the required accuracy. . 


When the switch opens after the sample period, any unbalanced 
charge in the switch is transferred to the holding capacitor, 
creating a small positive or negative step error, the Pedestal, in 
the output voltage during the hold period. The SH-8518 has 
the provision for fine trimming the pedestal error. 


There will be a DC Offset or difference in DC voltage level be- 
tween the input and output voltages of the S/H or T/H because 
of offset errors in the input and output amplifiers. Such a DC 
offset is present during both the track and the hold modes. 


While the switch is open and the signal is being held, a step 
change in the input signal will still feed through the open switch 
Capacitance to the output. The small output signal change which 


results is equal to the input voltage divided by the Feedthrough 


Attenuation of the open switch circuit. 


SAMPLING RATE LIMITATIONS 


The sampling rate is the rate at which an entire sample and hold 
cycle is completed. 


Sampling rate 
1 


total cycle time 
1 


track (or sample) time + hold time 


The maximum sampling rate is therefore determined by the 
minimum sample time plus minimum hold time. The minimum 
sample time is the acquisition time, while the minimum hold 
time will include the settling time plus whatever additional time 
is required for information processing. 


A sample/hold amplifier has a minimum sampling rate as well as 
a maximum one. The minimum rate is determined by the maxi- 
mum sample time plus the maximum hold time. The sample 
time has a maximum value (which should be specified) because 
the gate is AC coupled. 


S/H AND T/H AMPLIFIERS 


The hold time may also have a maximum value, because of droop. 
The output error will exceed the specified accuracy if the hold 
time is greater than the maximum error divided by the droop 
rate. 


Droop may eventually cause the output voltage to exceed the 
limits of the specified output voltage range. The time to acquire 
a new signal may then exceed the specified acquisition time 
because of saturation effects. 


ERROR CAUSED BY APERTURE TIME UNCERTAINTY 


The uncertainty in the moment of time at which the signal is 
acquired and held (the aperture time jitter) causes an error whose 
magnitude depends on the rate at which the input is changing 
(Figure 3). The following discussion relates the maximum per- 
cent error in the output V caused by this effect with the aperture 
time uncertainty AT, and the analog signal frequency f. 


The error AV in the voltage is: 


av =(£“) at, 
dt 


For a sinusoidal signal, V = Vo sin (2 7 ft) 
AV =27f Vo cos (2 7 ft) AT, 


Since the maximum value of the cosine function is 1, the maxi- 
mum percent error is: 


AV 
maximum % error = 100 “) = 200 m (f) (AT) = 628 (f) (AT 4) 


Vo 


As an example, if the aperture time uncertainty is 500ps, then 
at a frequency of 0.5 MHz: 


maximum % error = (628) (0.5 x 10°) (500 x 107!7) = .16% 


This % error is the percentage of the maximum input signal 
amplitude, not the percentage of allowable full scale. Note also 
that if the input rate dV/dt is constrained only by slew rate 
limiting, then the maximum % error should be calculated 


directly as 
100 {av AT, 
Vo dt /max slew 


The error caused by aperture time uncertainty may be obtained 
from the nomograph in Figure 4 if the input signal is sinusoidal 
and the output is not slew rate limited. Any sloping straight 
line drawn on the nomograph from top to bottom relates the 
corresponding aperture uncertainty, percent error, and input 
frequency. As an example, suppose the maximum allowed error 
caused by aperture time is specified to be 0.1%, and the aperture 
time is 500 ps. A straight line drawn through these values on 
the nomograph intersects the frequency scale at about 300 KHz. 
This would be the highest input frequency consistent with a 
maximum error of 0.1%. 


maximum % error = 
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Aperature Uncertainty AT, 


0.01% 


0.1% 


Frequency f 


FIGURE 4. NOMOGRAPH FOR ERROR CAUSED BY APERTURE TIME UNCERTAINTY (JITTER) 


The nomograph can also be used to show that voltage acquisi- 
tion errors in the A/D converters can be greatly reduced if a 
track/hold amplifier precedes the converter. Assume an A/D 
converter with a conversion time of 2.2us and an input with a 
maximum frequency of 20 KHz. In this situation the 2.2us can 
be treated as an aperture time uncertainty. Connecting this with 
the 20 KHz frequency on the nomograph gives a maximum error 
of 28%. This error can easily be reduced by several orders of 
magnitude by a T/H or S/H whose aperture time uncertainty is 
much. less than 2.2us. 


MATCHING A T/H OR S/H TO AN A/D CONVERTER 


When a S/H or T/H amplifier is used at the input of an A/D 
converter, the performance of the system will depend on the 
combined specifications of both units, as well as on their 
compatibility. 


Since the signal should be sampled at a frequency at least twice 
that of the maximum signal frequency, the maximum signal 
frequency is equal to one half of the maximum sampling rate of 
the system. As discussed in the section on Sampling Rate Limi- 
tations, the sampling rate of the system depends on the total 
cycle time. The cycle time is at least as long as the acquisition 
time + settling time + A/D conversion time, so 


1/2 
(fsig)max = 


Acquisition ” tsettling as tayp Conversion 
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The feedthrough attenuation of the S/H or T/H at fg), should 
represent less than 1/4 LSB of the A/D converter. For instance, 
suppose the converter has 8 bit resolution (1 LSB = 0.4%) and 
an 18 MHz clock rate. Then fgjg is 9 MHz max, and at this 
frequency the S/H should have a maximum feedthrough attenu- 
ation of 0.1% (60 dB). 


The acquisition time of the S/H or T/H is specified both for the 
magnitude of the input voltage change and for the percentage 
to which the final value will be accurate. The acquisition time 
should be specified both for a sufficiently large input voltage 
and for settling to within at least 1/2 LSB of the A/D converter. 


Aperture time uncertainty (jitter) creates a sample to sample 
ambiguity in the output voltage when the S/H is processing high 
frequency signals. As shown in the previous section, the jitter 
time AT, is related to the maximum percent error at a signal 
frequency fo,q by: 


maximum % error = 628 (fgg) (AT4). 


The maximum % error should be less than 1/2 LSB of the A/D 
converter, so the maximum uncertainty in the aperture time of 
the S/H or T/H should be: 


1/2 LSB (expressed as a %) 
628 (fsig) 


(ATa)max = 


See page N-19 for a list of Application Notes available from DDC. 
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VIDEO TRACK/HOLD HYBRID 
10 NSEC ACQUISITION TIME 


DESCRIPTION 

The TH-8530 is a video speed 
track/hold amplifier packaged in a 
hermetic 24 pin DDIP. Its 10 nanose- 
cond acquisition time to 0.1% of final 
value makes it the fastest track/hold of 
its type. With 0.1% linearity error and 


100 MHz bandwidth, the TH-8530 is 
ideal for applications with sampling 
rates to 50MHz. For military require- 
ments, models are available with -55°C 


to +125°C operating temperature 
range and screening in accordance 
with MIL-STD-883. Additional features 


include 9 nanosecond track-to-hold 
mode settling time, 1 millivolt per 
microsecond droop rate, and a slew 
rate of 400 volts per microsecond. 
With its high speed and accuracy, 
wide operating temperature range, 
and small hermetic package, the TH- 
8530 is ideal for the most demanding 
military and commercial data acquisi- 
tion requirements. Typical applica- 
tions include pulse processing, radar 
and TV digitizing and very high speed 
instrumentation. 


FEATURES 


© 20 PSEC APERTURE JITTER 


e 700 MHz BANDWIDTH 


©50 MHz SAMPLING RATE 


e 9 NSEC SETTLING TIME 


e -55°C TO +125° C 


0.1% LINEARITY ERROR 


OPERATING TEMPERATURE 


RANGE 


e MIL-STD-883 SCREENING 


AVAILABLE 
e ECL COMPATIBLE 


10 OPTIONAL 
cr--c-----l-co — — —p EXTERNAL 
BUFFER FET OUTPUT CAPACITOR 
AMPLIFIER AMPLIFIER (SEE TEXT) 
| 
1 
ANALOG 22 : OUTPUT 
INPUT U j U 
1 
j DIODE 14 
; BRIDGE +15V DC 
1 SWITCH 
1 
GATE 3 J HOLDING 11 
GATE --- ~15V DC 
INPUT CONTROL CAPACITOR 
2 
1 —5.2V DC 
OFFSET 7,9, 12, 13 ANALOG AND 
ADJUST 23 16. 21.24 POWER GNDS 
6 \/ 
4 DIGITAL 
PEDESTAL GROUND 
ADJUST 18 


FIGURE 1. TH-8530 BLOCK DIAGRAM 
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TH-8530 SPECIFICATIONS 
At 25°C case temperature and rated supplies unless 
otherwise indicated. 


PARAMETER UNITS VALUE 


ACCURACY 
Gain 
No load 
With 200 Q Rated Load 
Gain Tempco 
Linearity Error 
1mA max load 
At Rated Load 
Linearity Tempco 
Offset (1) 
(Trimmable to Zero) 
Offset Tempco (1) 
Pedestal 
(Trimmable to Zero) 
Pedestal Tempco 


+0.97 typ 
+0.95 typ; +0.92 min 
25 typ; 50 max 


ppm/°C 


% of F.S. 
% of F.S. 
ppm/°C 
mV 


0.012 
0.2 max 
5 typ; 15 max 
25 typ; 100 max 


mvV/°C 
mV 


0.2 typ; 0.5 max 
25 typ; 100 max 


LNV/°C 60 typ; 150 max 


DYNAMICS 


Small-Signal 100 typ; 80 min 
Bandwidth (f;) 
Slew Rate 400 min 


Update Change 2 max 

Max Sampling Rate (2) 50 typ; 33 min. 
Min Cycle Time 20 typ; 33 max 
Aquisition Turn-On Delay 3.5 typ; 7 max 


Acquisition Time to 

0.1% of Final Value 

2V Input Change 

0.2V Input Change 
Aperture Time Delay 
Aperture Time Uncer- 
tainty (Jitter) 
Feedthrough Attenu- 

ation in Hold Mode 
Settling Time to 0.1% 

of Final Value (3) 
Droop Rate at 25°C (Case) 
Droop Rate Vs. Temp 
Glitch (From Track to Hold) 
Amplitude 
Duration 


10 typ; 15 max 
5 typ; 8 max 
3.5 typ; 5 max 
20 typ; 35 max 


60 minthrough 10 MHz 


9 typ; 15 max 


1 typ; 10 max 
Doubles every 10°C 


20 
15 (to less than 2mV) 


GENERAL 


The TH-8530 track and hold amplifier (figure 1) includes a 
voltage holding capacitor connected to the input signal 
through a switch. The input signal and output voltages are 
both buffered by amplifiers. The switch is controlled by an 
ECL logic gate signal which determines whether the holding 
Capacitor voltage and output voltage will track the input 
signal (switch closed, logic 0) or will be held constant, 
retaining the value of the input at the moment the switch 
opens (switch open, logic 1). 


The TH-8530 is available in several optional configurations. 
Provision for the use of an external holding capacitor has 
been made available on pin 10 (see Pin Connection Table). 
Because the external capacitor is connected in parallel with 
the internal capacitor, this option reduces the effects of 
droop and extends holding time. Acquisition time, however, 
is increased by the presence of additional capacitance 
created by this circuitry. This option is designated as “-10” 
when ordering the TH-8530 (see Ordering Information). 
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TH-8530 SPECIFICATIONS CONTINUED 


PARAMETER UNITS VALUE 


ANALOG INPUT 
Range For Rated Accuracy +1 max 
Absolute Max Without 25 

Damage 

Input Impedance 
Capacitance 
Bias Current 


GATE INPUT 
Type ECL compatible 
(external pulldown 
req'd.) 
= Logic 1 = Hold 
-1.6 = Logic 0 = Track 


100 typ; 20 min 
5 typ; 8 max 
+0.1 typ; +0.5 max 


Logic Levels 


OUTPUT 
Voltage Range 
Steady State Current 
Transient Current 
Output Impedance 


POWER SUPPLIES 
Supply Voltages +15 -15 -5.2 
Voltage Tolerance = 5 5 
Absolute Max Voltage +18 -18 -7 
Current S5typ S5typ 45typ 
65max 65max 65max 
1.9 average 


+1 max 
+5 max 
+50 max 

4 typ: 10 max 


Power Dissipation 


TEMPERATURE 
RANGE [CASE] 
Operating 
—1 Option 
—3 Option 
Storage 
PHYSICAL 
Type 24 pin DDIP 
Size 14x08x 0.2 
(36% 20.5 x 5} 
Weight .42 typ (11.9) 


-55 to +125 
0 to +70 
-65 to +150 


Notes: 

(1) Measured during 50ns track time with input grounded. 
(2) Sampling rate for 0.1% dynamic error. 

(3) Settling time into Hold mode. 


Unipolar voltage outputs may be ordered, which provide 
internal offsets of the specified +1V input range. Option “P” 
produces 0 to +2V and option “N” produces 0 to -2V at the 
output (pin 15). A bipolar output range is available as option 
“B” (see Ordering Information). 


TRIM ADJUSTMENTS 

The offset and pedestal are trimmed at the factory to within 
the limits listed in the specifications table. Further adjust- 
ments may be made using the trim adjustments shown in 
figure 2. Connect the output (pin 15) to an oscilloscope and 
ground the analog input (pin 22). Apply a 50 nsec negative 
ECL pulse at a 1 MHz rate to the gate input. Vary the pedestal 
adjust potentiometer to minimize the pedestal and the offset 
potentiometer to trim the offset as shown in figure 3. 


GROUNDING 

To minimize coupling of a gate signal into an output signal, 
connect the gate signal ground to pin 4 only. Do not connect 
other grounds to pin 4. Analog input/output and supply 
voltage grounds can be connected to any of the analog 
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CORPORATION 
ecu et be TRACK 
GATE IN ~ | ot = LOGIC "1" 
HOLD = - = LOGIC ‘’0" 
PEDESTAL d 
OFFSET ADJUST 

ADJUST 20 KQ OuTPUT V PEDESTAL 

1MQ OC OFFSET OUTPUT 
ain, | rae are UNTRIMMED 


ANA ANA 
GND GND 


FIGURE 2. TRIM ADJUSTMENT CIRCUITS 


0 VOLTS 
TRANSIENTS 
PEDESTAL 
OuTPUT TRIMMED 
DC OFFSET 
0 VOLTS 


0 VOLTS —+>_,—_____+_,— aNcO 
FIGURE 3. SCOPE TRACES DURING 
OUTPUT TRIM ADJUSTMENTS 


—» — SETTLING TIME (SAMPLE TO HOLD) 
—> [+ APERTURE DELAY 


~~ -— 


OUTPUT 
SIGNAL 


GATE 


PEDESTAL 


ACQUISITION TIME 
poor 


INPUT | 
TRACK HOLD TRACK 


FIGURE 4. INPUT/OUTPUT CHARACTERISTICS 


ground pins. The analog grounds are connected together 
internally and tied to the case. It is best to also connect these 
grounds together externally to minimize impedances. The 
analog and digital grounds are separated internally to avoid 
crosstalk between them and must be tied together externally. 


Attention must be paid to proper high frequency grounding 
techniques in order to get the most performance from the 
TH-8530. It is highly desirable to use a large area ground 
plane under the track/hold. This will maintain a low 
impedance return path at all frequencies of interest. Each of 
the ground pins on the track/hold package must be 
connected to ground as close to the package as possible, in 
order to avoid voltage differences between the ground pins. 


POWER SUPPLY DECOUPLING 

The TH-8530 provides internal ceramic decoupling 
capacitors on the power supply lines. In most applications it 
is desirable to add external 1uf tantalum capacitors. These 
decoupling capacitors should be mounted as close as 
possible to the hybrid package to avoid high frequency 
power supply line drops. 


INPUT/OUTPUT CHARACTERISTICS 


As shown in the diagram of figure 4, the track interval is 
initiated when the Gate Input is brought LOW. The output 


slews as the hold capacitor is charged to a new value. 
Acquisition time is defined as the time required for the out- 
put to settle to within a given error band of its final value. 
Acquisition time for any interval depends on the magnitude 
of the voltage change since the last interval. The minimum 
track time must be at least as long as the acquisition time for 
the largest possible input change. 


The hold interval is initiated when the Gate Input is brought 
HIGH. As shown in Figure 4, there is a short delay, the 
Aperture Delay, before the series switch opens to isolate the 
hold capacitor from the analog input. The uncertainty in this 
delay, called Aperture Jitter, causes an error in the output 
when the input slews fast. 


After the Gate Input goes HIGH, a transient appears on the 
output due to charge transfer across the series switch. A 
Settling Time (Sample to Hold) interval elaspses before the 
output reaches a given error band of its final value. The 
track/hold output has not achieved rated performance until 
after this settling time interval has elapsed. 


The charge transferred across the series switch onto the hold 
Capacitor when the Gate Input goes HIGH causes a step error 
at the output. This Pedestal error is constant for every hold 
interval and does not vary with input voltage. 
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During the hold interval, the output voltage will increase or 
decrease linearly with time. This Droop error is caused by 
charging of the hold capacitor by bias current or series 
switch leakage current. 


Another source of error, during the hold interval, is Feed- 
through. Even though the series switch is open, fast slewing 
input signals can cause the output to change by voltage 
division across the open switch capacitance. The output 
error that results will be equal to the input voltage divided by 
the feedthrough attenuation. 


TH-8530 


PIN CONNECTION TABLE 


| PIN | FUNCTION | PIN | FUNCTION | 


1 Offset Adjust Analog Ground 

2 —5.2 VDC +15 VDC 

3 Gate Input Output 

“ Digital Ground Analog Ground 

5 NC NC 

6 Pedestal Adjust Pedestal Adjust 

7 Analog Ground NC 

8 NC NC 

9 Analog Ground Analog Ground 
NC (See Note) Analog Input 
—15 VDC Offset Adjust 


Analog Ground Analog Ground 


Note: Pin 10 for external capacitor on special order only. 


MECHANICAL OUTLINE 
24 PIN DOUBLE DIP 


: 1.100+0.005 
90° PIN 1 12 PINS EQUALLY SPACED 
(0.100 +0.002, TOLERANCE 


NON-CUMULATIVE 0.150+0.005 
(3.81 +0.127) 


(IDENTIFICATION 
CORNER) 


000000000000 


0.600+0.002 1 Tl eos wax 
15.24+0.127 ( 
( ) BOTTOM VIEW (20.447) 


—— 24 13 
000000000000 | 


1.400MAX___ 
(35.56) 9.1/9 
(2.6162+0.127) — 0.080 \ 2.032 


0.103+ selocos 0.125 #3.175 
RAD (3 PLACES) 


0.2 MAX 
0.170 MIN (5.08) 0.015 MAX 
PINLENGTH (3.81) 
(4.318) 


Jj  SIDEVIEW | VIEW { 


0.019 076 ( O. 406 ) | 
0.016 (0.206 408 ) SEATING 
(24 PLACES) PLANE 
Notes: 


(1.) Dimensions are shown in inches (millimeters). 

(2.) Load identification numbers are for reference only. 

(3.) Lead spacing dimensions apply only at seating plane. 

(4.) Pin material meets solderability requirements of MIL-STD-202E, 
Method 208C. 

(5.) Case tied to analog ground. 


ORDERING INFORMATION 


TH-8530 - 1 - B - 10 - 883B 


Reliability Grade: 
883B = Fully compliant with 
MIL-STD-883. 


B = Screened to MIL- STD- 
883 but without QCl 
testing. 


Blank = Standard DDC 
procedures. 


10 = Pin 10 connected to the holding 
capacitor. 


Blank = No Connection. 
Output Voltage Range (all with + 1V input): 


B=-1Vtot+1V 
N=0Oto-2V 
P=QOto+2V 


Temperature Range (Case): 
-1 = -55°C to +125°C 
-3 = 0°C to +70°C 
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THA-05203 


DESCRIPTION 


The THA-05203 is a high speed, high 
accuracy track/hold amplifier pack- 
aged in a hermetic 24 pin DDIP. With 
its 150 nanosecond acquisition time 
to 0.01% for a 10 volt step, 0.005% 
linearity error, 60 picosecond aper- 
ture jitter and 74 dB feedthrough at- 
tenuation, the THA-05203 is ideal for 
use in digitizers with data 
throughput rates up to 5 MHz. Other 
performance features include —55°C 
to +125°C operating temperature 
range, +10 volt input range, droop 
rate of 0.5 uV/usec and small signal 


ANALOG 
INPUT 


HOLD COMMAND 


HIGH SPEED TRACK/HOLD HYBRID 
150 nsec Acquisition Time 


bandwidth of 16 MHz. The THA-05203 
track/hold is pin for pin compatible 
with HTC-0300A and TP4860 type units, 
and offers comparable or superior 
performance for all parameters. 

With its high performance, wide oper- 
ating temperature range, and small 
hermetic package, the THA-05203 is 
ideal for the most demanding military 
and commercial data acquisition 
requirements. Typical applications 
include sonar and radar digitizing, 
medical and nuclear instrumentation 
and high speed waveform analyzers. 


1K&2 


FEATURES 


@ 150 NSEC ACQUISITION TIME 
10V STEP TO +0.01% F.S. 


@ 60 NSEC SAMPLE TO HOLD 
SETTLING TIME 


@ 50 PSEC APERTURE JITTER 
© 74 dB FEEDTHROUGH 


ATTENUATION 

@ —55°C to +125°C OPERATING 
TEMPERATURE RANGE 

@ TTL COMPATIBLE 

@ HTC-0300A AND TP4860 
PIN COMPATIBLE 


ANALOG 
OUTPUT 


+5V 


His Vv 


-15V 


23 
L_4_4__,»_—_o GND 
DECOUPLING 


CAPACITORS 


FIGURE 1. THA-05203 BLOCK DIAGRAM 


+ 0.005% Linearity Error 
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THA-05203 


SPECIFICATIONS 


(At +25°C and nominal supply voltages unless otherwise noted) 


PARAMETER UNITS VALUE 


ACCURACY 
Gain 
Gain Tempco 
Offset 
Offset Tempco 
Linearity 
Pedestal (Hold Mode) 
Pedestal Tempco 


DYNAMIC CHARACTERISTICS 
Acquisition Time 
To 1% FS for 10V Step 
To 0.1% FS for 10V Step 
To 0.01% FS for 10V Step 
Settling Time (Sample to Hold) 
T0 0.1% FS 
To 0.01% FS 
Aperture Jitter (RMS) 
Aperture Delay 
Feedthrough Attenuation 
DC to 2.5 MHz, 20V input 
Droop Rate 
+25°C mV/usec 
+70°C mvV/usec 
+125°C mV/usec 
Bandwidth (3dB Small Signal) MHz 
Slew Rate V/usec 
Transient (Sample to Hold) 


ANALOG INPUT 
Voltage Range 


Impedance 


DIGITAL INPUTS 


Logic Levels 
Logic “1” 
Logic “0” 

Logic Loading 


ANALOG OUTPUT 


Voltage Range 
Current" 
Impedance 
Noise) 
Capacitive Load 


POWER REQUIREMENTS 


Current Drain 
+ 15V Supply 
— 15V Supply 
+5V Supply 
Power Dissipation 
Voltage Tolerance 
+15V 
+5V 
Power Supply Rejection Ratio 


TEMPERATURE RANGE (Case) 
Operating 
—1 Option 
—3 Option 
Storage 
PHYSICAL CHARACTERISTICS 


Package 
Size 


Weight 


Notes: 


—1.00+0.1% max 
0.5 typ 5 max 
0.5typ 5 max 
3typ 15 max 
0.005typ 0.01 max 
2.5typ 20 max 


4typ 


90 typ 


100 typ 
150 typ 


170 max 
200 max 


40 typ 
60 typ 100 max 
50 typ 100 max 


6 typ 
74typ 
0.0005 typ 0.005 max 
0.015typ 

ltyp 

16 typ 8 min 

300 typ 150 min 
180 typ 


+11.5typ +10.25min 


1 typ 


+2.0min +5.0 max 
Omin +0.8 max 
1 loadtyp 


+10.25 min 


-55to +125 
Oto +70 
—-55to +125 


24 pin DDIP 
1.4x0.8x0.2 
(36x20.3x5.1) 
0.4 (11.3) 


(1) Output is short circuit protected to ground with 


a current limit of +65 mA. 


(2) Noise is specified in track mode with a 5 MHz bandwidth. 
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TECHNICAL DESCRIPTION 
GENERAL 


As shown in the block diagram of Figure 1, the THA- 
05203 consists of a unity gain inverting op amp with 
series and shunt switches at its summing point. Placing 
the track/hold in the track mode causes the series switch 
to close and the shunt switch to open. In the track mode, 
the analog output is an inverted version of the analog 
input. Placing the track/hold in the hold mode causes the 
series switch to open and the shunt switch to close. Inthe 
hold mode, the analog output is held constant by the 
hold capacitor at the value just prior to the series switch 
opening. 


INPUT/OUTPUT CHARACTERISTICS 


As shown in the diagram of Figure 2, the track interval is 
initiated when the HOLD COMMAND is brought LOW. 
The output slews as the hold capacitor is charged to a 
new value. Acquisition time is defined as the time re- 
quired for the output to settle to within a given error band 
of its final value, after the HOLD COMMAND goes LOW. 
Acquisition time for any interval depends on the mag- 
nitude of the voltage change since the last interval. The 
minimum track time must be at least as long as the ac- 
quisition time for the largest possible input change. Fig- 
ure 3 shows THA-05203 error versus acquisition time for 
a 10 volt input step. 


The hold interval is initiated when the HOLD COMMAND 
is brought HIGH. As shown in Figure 2, there is a short 
delay, the Aperture Delay, before the series switch opens 
to isolate the hold capacitor from the analog input. The 
uncertainty in this delay, called Aperture Jitter, causes 
an error in the output when the input slews fast. Figure 4 
shows aperture jitter error versus input slew rate, as- 
suming 100 picosecond aperture jitter. 


After the HOLD COMMAND goes HIGH, a transient ap- 
pears on the output due to charge transfer across the 
series switch. A Settling Time (Sample to Hold) interval 
elapses before the output reaches a given error band of 
its final value. The track/hold output has not achieved 
rated performance until after this settling time interval 
has elapsed. 


The charge transferred across the series switch onto the 
hold capacitor when the HOLD COMMAND goes HIGH 
Causes a step error at the output. This Pedestal error is 
constant for every hold interval and does not vary with 
input voltage. 


D[o[c 


ILC DATA DEVICE 
CORPORATION 


THA-05203 


—> — SETTLING TIME (SAMPLE TO HOLD) 


APERTURE DELAY 
ACQUISITION TIME 


Fal 


| 
| 
| 
OUTPUT | 
SIGNAL | 
| 
| 
| 
| 


HOLD 
COMMAND | 
TRACK HOLD | TRACK | 


FIGURE 2. INPUT/OUTPUT CHARACTERISTICS 


Error (%FS)* 


100 150 200 250 300 
Acquisition Time (nsec) 


*10 VOLT STEP 


FIGURE 3. ERROR vs. ACQUISITION TIME 


During the hold interval, the output voltage will increase 
or decrease linearly with time. This Droop error is caused 
by charging of the hold capacitor by op amp bias current 
or series switch leakage current. 

Another source of error, during the hold interval, is Feed- 
through. Even though the series switch is open, fast 
slewing input signals can cause the output to change by 
voltage division across the open switch capacitance. The 
output error that results will be equal to the input voltage 
divided by the feedthrough attenuation. 


Error (mV)* 


1 10 100 
Input Signal Slew Rate (V/usec) 


*APERTURE JITTER = 100 psec 


FIGURE 4. APERTURE ERROR vs. SLEW RATE 


APERTURE ERROR 


A track/hold is used with an A/D converter to keep the 
ADC input constant during the conversion interval. This 
is because converter input must vary no more than 12 
LSB during the conversion time to maintain its accuracy. 


The highest allowable frequency, while maintaining less 
than % LSB variation at the A/D converter input, can be 
calculated with and without the use of a track/hold. The 
dramatic increase in allowable input frequency when a 
track/hold is used illustrates why most applications use a 
track/hold and ADC combination. 
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The following example assumes a 10 volt sinusoidal 
input to a 12 bit 2usec A/D converter, and calculates the 
frequency at which a 2 LSB change occurs during the 
aperture interval. With no track/hold, the aperture inter- 
val is equal to the ADC conversion time. With a track/ 
hold, the aperture interval is equal to the aperture jitter 
time. 


V., =  10sin2z ft 
OMe. x 20 rfcos2zn ft 
dt 
Win = 62.8f... 
dt max 
‘ . oox 10 volt 
ete (62.8) (Tap) 
For no track/hold: Tap = 2x 10 °sec 
fi. = 20Hz 


Fortrack/hold: Tap = 50x10 '*sec 
fax = 800 KHz 


OUTPUT LOADING 


Attention must be paid to the resistive and capacitive 
loading of the THA-05203 to maintain desired perfor- 
mance. Capacitive loads above 50pf will affect track/hold 
acquisition and settling time. Capacitive loads above 
250pf are to be avoided, since the potential for oscilla- 
tions will result. The recommended resistive load is 500 
ohms or higher. Resistive loads as low as 250 ohms may 
be used, but at this load the potential exists for current 
limiting non-linearities. 

GROUNDING 


Attention must be paid to proper high frequency ground- 
ing techniques in order to get the most performance 
from the THA-05203. It is highly desirable to use a large 
area ground plane under the track/hold. This will main- 
tain a low impedance return path at all frequencies of in- 
terest. Each of the 4 ground pins on the track/hold pack- 
age must be connected to ground as close to the package 
as possible, in order to avoid voltage differences be- 
tween the ground pins. 


POWER SUPPLY DECOUPLING 


The THA-05203 provides internal ceramic decoupling 
Capacitors on the +5 volt and +15 volt power supply 
lines. In most applications it isdesirable to add external 
1pF tantalum capacitors. These decoupling capacitors 
should be mounted as close as possible to the hybrid 
package to avoid high frequency power supply line 
drops. 


THA-05203 


MECHANICAL OUTLINE 
24 PIN DOUBLE DIP 


.015 MAX 
(.381) 


| ae | | 
~ | .016 ‘0.41 
.170 


(24 PLACES) 
(.432) 


1.400 MAX PIN 
LENGTH 


OO000000 oa 2 
(BOTTOM 
VIEW) .600 + .002 
(15.2 +.051) 


12 1 
OOD0000COCO00CCO 


.150 + .005 1.100 + .005 f -103 + .005 
(3.8 +.127) (27.9 +.127) (2.62 + .127) 


12 PINS EQUALLY SPACED 

ao( 2 uy) @ .100 -.002, TOLERANCE 

.080 ‘ 2.03 NON.CUMULATIVE (IDENTIFICATION 
RAD (3 PLACES) CORNER) 


NOTES: 

1. Dimensions shown are in inches (millimeters) 

2. Lead identificattion numbers are for reference only 

3. Lead spacing dimensions apply at seating plane 

4. Pin material meets solderability requirements 
MIL-STD-202E, Method 208C 


PIN FUNCTION TABLE 


[PNT FUNCTION [WT FUNCTION 


1 | Analog Output + 15V Supply 
2 | N/C Ground 
3 | N/C —15V Supply 
4 |N/C Ground 
5 | N/C N/C 
6 | N/C N/C 
7 | N/C N/C 
8 | N/C N/C 
9 | +5V Supply N/C 
Ground Ground 
Hold Command N/C 


Hold Command Analog Input 


ORDERING INFORMATION 
THA-05203—100 


C Reliability Grade: 
0 = Standard DDC proce- 
dures. 
Fully compliant with 
MIL-STD-883. 
2 = Screened to MIL-STD- 
883 but without QCI 
testing. 


— 
I 


Operating Temperature Range: 
1=—55°C to +125°C 
=0°C to +70°C 
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SECTION D 
STANDARD MIL-DWGS and U.S. NAVY SEMs 


PRODUCT SUMMARY TABLE 


B 
BUS-65111 


Hybrid and discrete SEM products. Module qualification: JAN and special. Special (custom designs). 
Fuctions provided: 
Analog-to-Digital Converters. 
Synchro-to Digital Converters, tracking. 
Two-speed Synchro-to-Digital Converters. 
Synchro-to-Digital Converters, multiplexed. 
Digital-to- Resolver Converters. 
Scott-T Transformers. 
Solid-state Control Transformers (CT). 
Reference Isolation Transformers. 
MIL-STD-1553 Remote Terminal Unit. 
MIL-STD-1553 BUS Controller. 
MIL-STD-1553 RT Protocol. 
MIL-STD-1553 RT/BC/MT & 1750A CPU. 
Filters 
Geometric Analog-to-Digital Converters. 
Power Amplifiers. 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 


**Variations and peculiarities exist — consult factory. 


OG STANDARD MIL-DWGS 


CORPORATION 


Using the DESC (Defense Electronics Supply Center) military drawing numbers listed below presents a considerable advantage to the desig- 
ner in that the lengthy approval cycles for non-standard parts can be bypassed. For additional information about these products and a copy 
of DDC’s newest MIL-STD-1553 Designer’s Guide contact the DDC office nearest you. 


MIL-DWG (DESC) # 

5962-86049-02ZC Monolitic Transceivers. Conforms to MIL-STD-1553A/B. High S/N ratio, internal filtering. Drives 
Harris 15530 directly. SEAFAC tested. +5V and -15Vde operation. 

§962-87535-01XC MIL-STD-1553 dual redundant RT includes transceivers, encoder/decoder and protocol. 
Supports 13 mode codes and has DMA type interface handshake. SEAFAC tested (15V 
operation). 

5962-87579-02XC Dual reduntant monolithic transceivers in a single-hybrid. Conforms to MIL-STD-1553 A/B. High 
S/N ratio, internal filtering. Drives Harris 15530 directly. Complete isolation, including separate 
power and signal connections. SEAFAC tested. 


§962-87632-01XC Complete dual redundant RT packages in either DDIP or Flatpack hybrid packages. Includes two 
low power transceivers, two bit processors. RT protocol, data buffers, timings control logic, 
supports 13 mode codes, and is a pin-for-pin and Functional BUS-65112 Replacement.(12V 
operation) 


5962-87687-01XC 14 Bit Monolithic hybrid S/D and R/D tracking converter. 10 RPS tracking, low power, 3-state 
latched outputs, accuracy of + 0.9LSB standard, + 2.6 min high-accuracy option, usable as 


control transformer, and inhibit does not interrupt tracking. 


§962-88542-01XC Track hold and A/D converter. Very high speed. -55°C to + 125°C operation. Linearity Error (Max) 
of +0.0025% FSR, Conversion Time of 0.5p1s. 

5962-88585-01XC Dual reduntant MIL-STD-1553 BC, RT, and MT. Provides 16 bit tri-state parallel data bus and 
DMA handshaking for microprocessor compatibility. Supports all dual reduntant mode codes 
along with externally selectable illegal codes. DDIP & Flat Package. 

5962-88586-01XC MIL-STD-1553 to microprcessor interface. Compatible with Motorola, Intel, and Zilog CPUs 
Off-loads 1553 I/O capability; compatible with DDC’s BUS-65600 and 65112. Operates over full 
military temperature range. DDIP & Flat Package. 

5962-88692-01XC MIL-STD-1553 Dual Redundant RT/BC/MT Advanced Integrated MUX (AIM) Hybrid including 
microprocessor interface and 8K x 16 RAM. DDIP & Flat Package. 

5962-89499-01XC Military grade synchro or resolver input. Synthesized reference. Programmable resolution and 
track-like velocity input. 
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SEM PRODUCTS 


HYBRID AND DISCRETE SEM PRODUCTS 
JAN Qualified Modules for Navy SEM Program 


DESCRIPTION 


The product assurance’ program, 
facilities, and manufacturing procedures 
of ILC Data Device Corporation have 
been certified by the U.S. Navy for the 
production of JAN qualified modules for 
the Standard Electronic Module (SEM) 
program. Various standard DDC syn- 
chro and other data conversion products 
and a number of custom designed prod- 
ucts have been adapted to SEM config- 
uration with an assigned Key Code, as 
shown in the table. For these units to 
which an M28787 slash number has 
been assigned, DDC either has been 
JAN certified and is a QPL supplier, or 
is in the process of obtaining JAN certifi- 
cation. Consult the DDC factory for the 
most recent JAN certification status. 
Units listed in the table without M28787 
numbers are some of the “special 
SEMs’” which DDC has qualified. 


DDC’s proven expertise in meeting SEM 
program requirements, its extensive ex- 
perience in the design and manufacture 
of data conversion products, and its 
sophisticated hybrid capability are avail- 


able for the creation of new SEM de- | 


signs. The SEM modules shown in the 
table are able to implement complex 
functions such as single and dual speed 
synchro-to-digital tracking converters, 
multiplexed synchro-to-digital convert- 
ers, and digital-to-synchro converters. 


The Naval Avionics Center (NAC) in In- 
dianapolis, Indiana has prepared appli- 
cations data manuals for synchro SEM 
modules with assigned SEM part num- 
bers. These manuals are available to 
SEM users call (317) 353-3808. 


“ 
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DDC 9200-KEY CODE JWP 
(14 BIT S/D CONVERTER) 


DDC 67001-KEY CODE UKT 
(MIL-STD-1553 R.T.U.) 


FEATURES 


FACILITY CERTIFICATION BY 


N.W.S.C. CRANE, INDIANA 


MODULE QUALIFICATION — 


JAN AND QUALIFIED SPECIAL 


SPECIAL CUSTOM DESIGNS 


CAPABILITIES: S/D, D/S, A/D. 


D/A, DATA BUS, CUSTOM 
FILTERS, CUSTOM HYBRIDS 


A a 
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Closest DDC SEM Part No. Key | Module 


BUS-67001 Custom Product MIL-STD-1553B Interface Unit /348 
BUS-67002 Custom Product MIL-STD-1553B Protocal and Subsystem /349 
BUS-67003 Custom Product MIL-STD-1553B Bus Controller /367 
BUS-67005-600 Custom Product MIL-STD-1553 Dual Redundant Interface Special 
SEMO09000-600 ADH-8516-1 12 bit, 3usec A/D Converter with Buffer (+/-10V Input) Special 
SEM09001-601 Custom Product Sonar Filter Special 
SEM18004-301 Custom Product 60-400Hz 14 bit R/D Converter with Tri-state Data Special 
SEM18005-600 Custom Product 400H2z 14 bit R/D Converter with Tri-state Data Special 
SEM18005-601 Custom Product 400Hz 14 bit S/D Converter with Tri-state Data /345 
SEM18007-600 Custom Product 5VA 4 Channel D/S Converter Special 
SEM88000-600 Custom Product Selectable Bandpass Filter Special 
SEM88000-601 Custom Product Selectable Bandpass Filter Special 
SEM88000-602 Custom Product Selectable Bandpass Filter Special 
9200 Monobrid S/D 60-400Hz 14 bit S/D Converter with Tri-state Data /337 
9201 H & HMSDC-Series Dual Power Amplifier /184 
9202 H & HMSDC-Series Scott-T and Reference Transformer-InputlVOutput /185 
9203 HXDC-10-6H-1 60H2 10 bit S/D Converter Special 
9204 HRCT-14-L-1-A/ + HDP-6-1 | 400Hz 14 bit R/D Converter Special 
9205 H & HMSDC-Series Two-Speed Error Crossover Switch/Detector /225 
9207 HXDC-10-6-1 10 bit S/D Converter Special 
9208 HXDC-10-4-1 10 bit S/D Converter Special 
9210 H & HMSDC-Series MSB Function Generator /186 
9220 H & HMSDC-Series LSB Function Generator /187 
9225 SC8711-1 4 Channel MUX Synchro/Sine-Cos Special 
9241 H & HMSDC-Series OctanUQuadrant Detector /188 
9250 H & HMSDC-Series Error Detector /189 
9251 H & HMSDC-Series 60 Hz Reference Input Processor- Transformer Special 
9253 BUS-8553-1 & BUS-8937-1 | MIL-STD-1553 BUS Adaptor (R.T.U.) Special 
9271 H & HMSDC-Series 60 HZ Input Processor- Transformer Special 
9280 HSCT-14-L-1 Solid State Control Transformer Special 
9281 HSCT-14-H-1 Solid State Control Transformer Special 
9286 HXCT-14-1 Solid State Control Transformer Special 
9288 HDP-4-1 400H2z Error Processor Special 
9289 HDP-6-1 60Hz Error Processor Special 
9290 Custom Product 60-400H2z Scott-T and Reference Transformer Special 
9291 HCCT-14-1 400HZ2 14 bit Solis State Cosine Control Transformer Special 
9293 HRDC-14-1 14 bit D/R Converter Special 
9297 Custom Product Geometric A/D Converter Special 
9299 HSDC-10-4H-1 400H2 10 bit S/D Converter Special 
9300 Custom Product 12 bit A/D Converter /232 
9401 H & HMSDC-Series Quadrant Selector and Successive Appoximation Logic|INAVALEX0104-925 
9450 H & HMSDC-Series Reference Input Processor- Transformer NAVALEX0104-925 
9470 H & HMSDC-Series Synchro Input Processor- Transformer NAVALEX0104-925 
9900 ADH-8516-1 12 bit, 3usec A/D Converter with Buffer (+ /-5V Input) Special 


NOTES. (1) Configuration is Format B (ISEM) (4) Includes Solid State Scott-T 
(2) Configuration is Format C (5) All units with MIL-M-28787 part number are presently JAN or in process of being qualified 
(3) Contiguration is Format D t For modules other than “Special” refer to MIL-STD-1634 and M28787 for detailed information. 


ORDERING INFORMATION 
9205-HUH-M28787/225 
MIL part no. (where applicable) 


Key Code 
DDC part number 
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SYNCHRO AND RESOLVER TO DIGITAL 
(S/D, R/D) CONVERTERS 


PRODUCT SUMMARY TABLE 


TRACKING 
MODEL RESOLUTION | ACCURACY RATE PACKAGE DESCRIPTION/FEATURES 
10 rps 36 PinDDIP | Low power S/D. 3-state output, tracks during output inhibit. 


0.79 x 1.9 x 0.2" | LSI based hi-rel. All common inputs. Can operate as CT. 


: 
E 


Series 

RDC-19200 10, 12, 14, 3.2 to 800 40 Pin TDIP | R/D(sine and cosine) conversion. Pin programmable for E-16 
Monobrid or 16 Bit rps 1.14 x 2.02 x 0.23"| 10, 12, 14, or 16 bit resolution. Bandwidth and scalable 

Series Velocity Output voltage. Features BIT and LOS outputs. 2 


and 11.8 Vrms inputs. Inductrosyn compatible. 


* 
§ 
8 


28 PinDDIP | Lowcost, monolithic programmable Resolver and LDVT to 
1.4 x0.6 x 0.2" | Digital converter with tach grade velocity output. Available 


40 Pin DpDIP | in military and industrial models. 
2.0 x 0.6 x 0.2" 


10,12, 14, or to £2.3' to 2300 rps 
Series 16 Bit 


+ 21' 50 rps 2.6 x 3.1 x 2.6" | Low profile, transformer isolated, industry standard pin out. 
Module 47 Hz to 1000 Hz. 
12 Bit + 8.5' 40 rps 2.6 x 3.1 x 0.4" | Low profile (0.4) industry standard. All common inputs. E-57 
Module Transformer isolation. 
to + 2.6 10 rps 2.6 x 3.1 x 0.4" | Low profile (0.4) industry standard. All common inputs. 
Module Transfomer isolated. 
SDC-145311 14 or 16 Bit to + 1.3' 0.61 to 10 36 Pin DDIP | Low cost, high reliability synchro or resolver to digital 
Series rps 1.9 x 0.78 x 0.21" | converter. Built-in-test (BIT). Internal Synthesized 
Hybrid Reference, and single 5V power supply. 
SDC-14532 12 or 14 Bit aa = 
Series or 1.74 x 1.14 x 0.28"| capability, three-state latched outputs, and the inhibit does 
+ 5,3’ not interrupt tracking. 
¥e | SDC-14545 nan: 5 rps 24 Pin DDIP | Small, S/D only converter with unique open line detector. E-77 
Series 1.3 x 0.77 x 0.21"} Available in military and commercial grades. 
%¥ | SDC-14550 10,12,14, or to + 2.3’ 0.5 to 160 34 Pin Small, +5V only S/D or R/D. 16 Bit parallel data, BIT, and E- 
Series 16 Bit rps 1.0 x 0.78 x 0.21"! velocity. Available in military and commercial grades. 


SDC-14560 10,12,14, or 0.61 to 160 | 36PinDDIP | Military grade synchro or resolver input. Synthesized 
Series 16 Bit rps 1.9 x 0.78 x 0.21"| reference. Programmable resolution and tack-like velocity 
output. Packaged in a hermetic case. Can operate as CT. 


14/16 Bit to t 2.3’ to10rps | 1.0x0.8 x 0.2" | Small, low cost converters with tachometer quality velocity E-93 

Series output. 
10, 12, 14, or to + 1.3' 0.61 to 10 36 Pin DDIP | Low cost, high reliability synchro or resolver to digital 
Series 16 Bit rps 
SDC-14600/05 14/16 Bit tot 2.3' 28 PinDDIP | Lowcost dual channel S/D converters with tachometer -112 
Series 1.5 x 0.8 x 0.2" | quality velocity output. 
DC-14610/15 14/16 Bit to+2.3' to 10 rps 36 Pin DDIP | Lowcost triple channel S/D converters with tachometer 
Series 1.9x0.8 x 0.2" | quality velocity output. 
SDC-14620 10,12,14, or tot 2.3’ 0.5 to 160 54 Pin Small, dual channel +5V only S/D or R/D. 16 Bit parallel data, 
16 Bit rps 1.5 x 0.78 x 0.21"| BIT, and velocity. Available in military and commercial grades. 
ie] 


14700 180°sec | 3.1x2.6x0.4" | 0.01° synchro or resolver to BCD converter. - 


12to48rps| 32Pin TDIP | Lowcost programmable R/D converter. It has CT Mode E-72 


a 
o 


% 
: 


+ 
5 
: 


1.9 x 0.78 x 0.21" | converter. Built-In-Test (BIT), Wide Bandwidth, High Car- 
Hybrid rier Freq (1-3kHz), and Internal Synthesized Reference. 


+ + 
” 


5; 


SDC-19204 2.5 to 160 40 Pin TDIP | Low cost. Programmable resolution and BW. Velocity | 

Monobrid rps 2.0 x 1.1 x 0.23" | output eliminates tach. 

Series — = > a a 9 a ee ersten tages stood! 
NOTES: Most hybrid products are available with Military Processing (Contact Factory). Synchro Products continued. 
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ee RODUCT SUMMARY TABLE (continued) 


TRACKING 
MODEL RESOLUTION | ACCURACY RATE DESCRIPTION/FEATURES 
16 Bit +1LSB 1000°%sec | 2.6x3.1 x 0.8" | 1x, 36x 2 speed S/D. Transformer isolated, broadband 47 
Module Hz to 3000 Hz. All common inputs. 


+1LSB 1000°%sec | 2.6x3.1 x 0.8" | 1x, 18x 2 ie iS neoed Of Tenens echiel cmlbend S/D. Transformer isolated, broadband 47 


Module Hz to 3000 Hz. All common ie iS neoed Of Tenens echiel cmlbend 


re taeteteteteelereteteetatereteleree stelstateteree ereestecererceteereratetarete epeateeetesteroraele ate ererareelnnale etalon geetaate peeeacereretarstar ate a ssa atte gata eas eratereaterateretetalatala erate ate etatetass areials stargate alpen are arala ete ateresetetetetateratgcatelstnce: anets'snaateraterneeea aesearecetae senate atpeatacelateceteraterecetstalerelatpea ters cetaracaretetaretar pea aetatarecetaretaecetatatatete tate atatalalelatetetetatatetatetetetetee’otetatetatet otetete’etetetet 


MODEL RESOLUTION | ACCURACY | Rea. | PACKAGE DESCRIPTION/FEATURES 


HMSDC-8700 +4.6' 36 Pin DDIP | Two hybrids or encapsulated modules are used fora 

+1/2 LSB 1.9 x 0.79 x 0.21"| 4-channel, multiplexed system. The two packages consist 
MSDC-700 +4.6' 

+1/2 LSB 


(x2) of a central converter and an input processor which accepts 
, | four signal channels and one reference channel. Multiple 
2.6 x3.1 x 0.4" | input processors can be accommodated with one central 
(x2 Module) 
OSC-15801 400Hz - 1.0 x 0.8 x 0.2" | Synchro/Resolver/Inductosyn reference oscillator and has 
20kHz quadrature ref. output voltages (two outputs 90° out of 
phase) with programmable output freq. (400Hz - 20kHz). 
OSC-15802 400Hz - 1.0x0.8 x 0.2" | ADI alternate source, similar to OSC-15801. 
10kHz 
REF-15001 2.5kKHz or | 1.52 x 1.78 x 0.35"| Synchro/Resolver/Inductosyn reference oscillator. 2.5 kHz 
Series 10kHz or 10 kHz for high-speed applications. Provides pin 
programmable AC reference for 11.8V, 4.4V,or 2.0V. 


converter. 150 [sec conversion time per channel. 
¥ REF-15003/4 pReFso0v4 | = — =| = — | to 10kHz | to AOKHzZ | 8. 0 x3 3. O x 1. 4" | 1SVA >VA programmable power oscillator. 


common L-L voltages and frequencies. 


Simultaneous sampling and random accessing. All 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
* New Product 
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SYNCHRO AND RESOLVER TO DIGITAL CONVERTERS 


BACKGROUND INFORMATION 


INTRODUCTION 7 - 
DDC’s synchro-to-digital and resolver-to-digital converters “feose 
employ the latest in component and circuit technology and 

P ape . F SYNCHRO RESOLVER 
represent a significant improvement in performance and re- ae 
liability over former units. “| 

SIN @ 
$1 $1 


From a systems engineer’s standpoint, outstanding perform- 
ance features have been incorporated into these units. They 
are designed for printed circuit board mounting by hand 
soldering or flow soldering techniques. Each unit is fully 


trimmed and tested before leaving the factory. DDC builds sie 
hundreds of synchro converters each month, making ship- : MULTIPLIER 
ments from stock a common occurrence. COSINE 


MULTIPLIER 


THEORY OF OPERATION 


Theory of operation is explained for DDC’s discrete and hybrid UP/DOWN COUNTER 

tracking synchro-to-digital converters. The same principles ISOLATION itd PROCESSOR 
apply to the resolver-to-digital converters except that the anne idea 
angular analog data input is in 4-wire resolver form rather than 
3-wire synchro. Synchro or resolver angle data is proportional 
to the ratio of line-to-line amplitudes across the terminals. 
These line-to-line amplitudes vary as the shaft angle is changed. 
The angle information is converted from synchro format, 


(see Figure 1A), i.e., Sin 8 cos wt, sin (9 + 120°) cos wt, sin FIGURE 3. BLOCK DIAGRAM 
(9 + 240°) cos wt, to resolver format, (see Figure 1B), i.e., SYNCHRO-DIGITAL CONVERTER 


sin 8 cos wt and cos @ cos wt, by the Scott ‘’T’’ Transformer, 


QUTPUT DATA 


Note: Use $1, S2,S3 and S4 for resolver inputs, or S1, S2 and S3 only 
for synchro inputs. 


(A) 


Esy-s3 ~ Esimax) SIN 9 


+ES(mAX) 
shown in Figure 2. In a synchro transmitter, RH-RL corres- 
ponds to R1-R2, and in a resolver RH-RL corresponds to R2- 


, 28 R4. Note that all converters use resolver format internally. 
ase? ces The carrier, cos wt, is of minor importance to this discus- 
gee _ sion and will be dropped from the notations hereafter. As 
bade shown in the block diagram of Figure 3, the converter per- 
aces forms the following trigonometric computation: 


E53.s2 = Egimax) SIN (H + 120°) 
Es2.si * Esimax) SIN ( + 240°) Sin (8 — ¢) = (Sin 6 cos ¢ — cos @ sin ¢). 
Standard Synchro Control Transmitter (CX) Outputs as a 


Function of CCW Rotation From Electrical Zero (EZ) In this expression, 6 represents the input data angle and @ 


represents the angle contained in the up-down binary 
counter. The error function, sin (@—@), is processed and 
controls the up-down counter in such a manner that at null, 
6 = ¢. The converter includes a dual integration, making it a 


(B) +ES(MAX) Eso — sa = Esimax) COS? 


os 


e ze P "cow DEGREES) Type I! servo loop and hysteresis function to eliminate the 

RSE S00 a a0 one or two bits of ““hunting’’ otherwise present in a Type II 

ze servo loop. Prior to the counter being updated due to an input 

siade data change, a ‘‘converter busy” signal is generated. When it 
—Es(MaXx) returns to normal, the data may be frozen by activating the 

Esi- 3 ~ —Esimax) SING “inhibit” control line and transferring the data simultaneously. 

Standard Resolver Control Transmitter (RX) Outputs as a It is important to realize that one advantage of a tracking con- 
Function of CCW Rotation From Electrical Zero (EZ) With verter is that the output data is always fresh and always avail- 
R2-R4 Excited. able. There are no errors due to velocity lags or minor varitions 

FIGURE 1. SYNCHRO AND RESOLVER SIGNALS in synchro carrier amplitudes or power supply voltage. 


SYNCHRO AND RESOLVER TO DIGITAL CONVERTERS 


The loop dynamics of DDC’s tracking S/D converters are des- 
cribed by the unity feedback configuration shown in Figure 4. 
The closed-loop transient response is nominally critically 
damped, and the parameters A and B for each S/D converter 
can be requested from the applications engineering group at 
DDC if they are not listed in the product section of this 


catalog. 
ANGLEQ DIGITAL Re (= + i 
INPUT OUTPUT G< B 


FIGURE 4. $/D CONVERTER LOOP DYNAMICS 
APPLICATIONS 


For all of DDC’s synchro converters, the input synchro signals 
are connected to $1, S2 and S3. Input resolver signals are 
connected to S1, S2, S3, and S4. The conventions are shown 
in Figure 5. These signals are applied to an input Scott “T”’ 
transformer or a resolver isolation transformer. Application 
of DC voitages, or AC voltages other than those intended, may 
damage this transformer. The same is true with regard to the 
reference signal applied to RH and RL. Also, careful attention 
must be given to making the proper electrical connections. 
Reversal or misapplication of power supplies can result in 
damage to the converter. 


(A) Synchro S1 
S3 
R2 a $1 
en $2 
= R2 T » S3 
R1 
$2° 
aie 
(8) Resolver Ss) $3 ah Se 
> LJ S2 R2 S2 
6 == 
a S4 R4 S4 
>K 
Gf] 


FIGURE 5. SYNCHRO AND RESOLVER CONVENTIONS 


MULTIPLEXED S/D CONVERTER SYSTEMS 


Multiplexed S/D converter systems differ from tracking type 
converters for two reasons: they have multiple inputs rather 
than one, and they use a successive approximation conversion 
technique rather than a Type II tracking loop. The heart of the 
system is the central converter, which consists of one or more 
modules. Added to this are input circuits for each channel 
which transform the synchro information to resolver format. 
The reference carrier is monitored and when a peak is detected, 
the sin and cos (resolver) levels of all channels are sampled 
and held as DC information. One channel is now selected and 
the central converter is started. A successive approximation 
technique is used by the central converter to determine the 
status of each digital bit, one at a time, starting with the most 
significant bit (MSB) and ending with the least significant bit 
(LSB). 


E-4 


The central converter uses a solid state control transformer 
whose inputs are @ (the analog input angle) and @ (the digital 
angle in the output register). The output from the solid state 
CT is sin (@ — @), the same form as an electromechanical CT. 
The converter operates on this signal to reduce it to a mini- 
mum, thus making @ equal to ¢. Since only n trials are needed 
to resolve 2" different levels, relatively fast S/D conversions 
can be made in this fashion. 


MULTISPEED S/D CONVERSION 


The operation of a two speed S/D is essentially the same asa 
single speed tracking S/D, except there are two solid state 
CTs generating two error voltages. These two CTs are driven 
from a single up/down counter. One CT is referred to as the 
coarse CT and the other is called the fine CT. Digital inform- 
ation from the counter to the fine CT is multiplied by the 
speed ratio between the two (for example, 36X). A cross- 
over switch selects which CT error signal is fed to the error 
processor. Assuming an off-null condition, the cross-over 
switch feeds the coarse CT error to the error processor. The 
converter seeks a null in the same manner described for a 
single speed S/D. As a null is approached, the coarse CT error 
voltage drops below a preset limit and the cross-over switch 
automatically switches over to the fine CT error voltage to 
feed into the error processor. Since the counter angle @ is 
multiplied by the speed ratio, the gradient of the fine CT error 
voltage is multiplied by the same amount. The tracking loop is 
now able to seek an even finer null, using the fine error voltage, 
and will switch back to the coarse error voltage only if the pre- 
set theshold is exceeded. In order to eliminate false nulls 180 
degrees away from the true null, a digital offset and a “’stickoff”’ 
voltage are introduced in the coarse channel. 


ACCURACY TESTS 


Because of the high accuracy of DDC’s S/D converters, only 
laboratory-grade syfNchro or resolver substitution boxes or 
standards should be used. If synchro standards are not available, 
arrangements may be made to witness the final source inspec- 


tion at the DDC factory. 


FIGURE 6. BIT WEIGHT TABLE 


SYNCHRO AND RESOLVER TO DIGITAL CONVERTERS 


Figure 7 shows how to arrange test equipment for measuring 
the accuracy of S/D converters. A separate lamp driver or 
suitable readout is required for each of the output data lines. 
The synchro standard is set to any. desired test angle, and the 
lamps which are on are added according to their bit weights 
(see Figure 6) and compared with the test angle. 


S/D OR R/D 
CONVERTER 
BEING 
TESTED 


SYNCHRO/ 

RESOLVER 

STANDARD 
(SINGLE SPEED 
OR TWO SPEED) 


SYNCHRO 
OR 
RESOLVER 

INPUT 


FIGURE 7. ACCURACY TEST CIRCUIT 


PRINTED CIRCUIT BOARD MOUNTING 


When mounting a converter on a printed circuit board, it is 
very important to keep logic-level signals as far away from the 
AC and power signals as possible. Under no circumstances 
should AC or power pins be adjacent to data pins at the con- 
nector. it is also prudent to keep the AC and power pins 
separated from each other. The intent is to make it impossible 
to short logic inputs/outputs to AC or power pins with scope- 
probes, etc. Appropriate handling procedures should be used 
in order to prevent damage to CMOS circuits. 


It is strongly recommended that circuit layouts be designed in 
such a way that plated through-holes are not required when 
mounting hybrid or discrete modules. If all lands connecting 
to pins are located on the opposite (dip) side of the PC board 
from the module, there will be no risk of destroying a pin con- 
nection by ripping out the plated through-hole connection if 
the module has to be removed. It will also be much easier to 
unsolder a module without damaging it. 


See page N-19 for a list of Application Notes available from DDC. 
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HSDC-8915 MONOBRID’ SERIES* 


14 BIT MONOLITHIC HYBRID S$/D AND 
R/D TRACKING CONVERTERS 


DESCRIPTION 


The HSDC-8915 Monobrid® Series is 
the first complete 14-bit synchro-to- 
digital or resolver-to-digital converter 
contained in a single hybrid module. 
Most of its circuitry has been incor- 
porated into a custom designed mono- 
lithic chip, thereby greatly reducing 
parts count inside the hybrid. The 
Monobrid combination of mono- 
lithic and hybrid technologies allows 
a more sophisticated design with better 
performance and additional features 
to fit inside a standard 36 pin DDIP 
hybrid package. Power consumption 
is reduced, reliability is increased, 
and costs are lower. 


New features found in the HSDC-8915 
Series are 3-state output in two bytes, 
and a transparent latch which allows 
the converter to keep tracking even 


while an Inhibit is being applied. 
Innovative features found in other 
recent DDC hybrid converters are 


also included, such as a +2.6 minute 
high accuracy option, analog velocity 
signal, error voltage outputs, solid 
state signal and reference isolation, 
broadband input, and accommodation 
to non-standard line-to-line voltage 
levels. 


The HSDC-8915 Series is available 
in two accuracy grades: +4 minutes 
+0,9 LSB and +2.6 minutes. The 
accuracy is not affected by carrier 
amplitude variation because the con- 
version is ratiometric. Phase sensitive 
detection in the error loop rejects 
quadrature and noise. Adjustments 
and calibration are never required. 


The HSDC-8915 Series accepts broad- 
band inputs: 360 to 1000 Hz or 47 to 
1000 Hz. Two kinds of input signal 
isolation are available: internal differ- 
ential solid state input with high com- 
mon mode rejection, and transformer 


transformers. 
Output angle is natural binary code, 
parallel positive logic, and TTL/CMOS 
compatible. Synchronization to a com- 
puter is complete via a Converter Busy 
output and an Inhibit input. 


isolation with external 


Only one main power supply is re- 
quired. Its +15V DC nominal level can 
range from +11 to +16.5 volts with 
no degradation in performance. The 
HSDC-8915 is also connected to the 
external logic power supply. Internal 
logic is CMOS, and all logic inputs and 
outputs are buffered to the external 
logic level. TTL or any external CMOS 
logic level between +4.5V and the +15V 
supply level can be accommodated. 


APPLICATIONS 


With three-state output and an Inhibit 
that does not stop the tracking process, 
HSDC-8915 Series converters are espe- 
cially suited for bus multiplexing and 
interfacing with microprocessors. These 
converters are ideal for remotely 
located and hard to access equipment 
where low power requirements, small 
size, and high MTBF are critical. All 
units are processed to MIL-STD-883. 
They are well suited to the most 
stringent and severe industrial or 
military and avionics applications. In 
conjunction with other devices, they 
are easily adapted for closed loop 
control. 


Designed for printed circuit board 
mounting by standard techniques, the 
HSDC-8915 Series can be readily 
incorporated into other equipment by 
the OEM user. Because of their low 
cost, they are competitive with discrete 
S/D converters in many applications. 


FEATURES 


@ 70 RPS TRACKING 


e@ LOW POWER: 
150 mW, Typical 


@ ACCURACY: 
+4 minutes +0.9 LSB standard 
+2.6 minutes high accuracy 
option 


@ 3-STATE LATCHED OUTPUTS 
FOR MICROPROCESSOR DATA 
BUS 


@ USABLE AS CONTROL 
TRANSFORMER (CT) 


@ /NH/BIT DOES NOT INTERRUPT 
TRACKING 


e LOGIC: 
TTL and CMOS compatible 14 
bit paralle/ binary angle 
Converter Busy and Inhibit 
Enable lines for 3-state output 


*Patented 


Note: Monobrid® is a registered trademark of 
ILC Data Device Corporation. 


O0G .. HSDC-8915 MONOBRID’ SERIES* 


CORPORATION 


RELIABILITY MECHANICAL OUTLINE 
36 PIN DOUBLE DIP * 


MTBF values are very high because the use of custom 
monolithics greatly decreases the number of active com- 
ponents, because thin film resistor networks are used, and 
because of careful thermal design. Summaries of MTBF } 
calculations and susceptibility information are available 0.775 
on request. r.005 
DOT | 18 
IDENTIFIES loKolefoleololovoxoxoxokokozoxeolonene) 


PIN 1 
10.01 —m " ee 086 TYP 
015 MAX + 1 895+.005 RADIUS 


1.700 , 005 


094.01 


a Cee ee ae 
19 


TOP VIEW 0. 60C+ 005 


| 0.21 max 
0.055 
t 0.25 min 4 RAD TYP 
1 
ORDERING INFORMATION SEATING 1 fe 0.100 TYP OF ee 
1. Converters may be ordered as follows. PLANE TOL NON CUMULATIVE 
HSDC - 8915 —1 —a —883B NOTES 
| 1. Dimensions shown are in inches. 
Reliability Grade: 


2. Lead identification numbers are for reference only. 


BegB. = sR Lada 3. Lead cluster shall be centered within +0.10 of outline 


B = Screened to MIL-STD-883 dimensions. Lead spacing dimensions apply only at 
but without QCl testing. seating plane. 
Blank = Standard DDC procedures. ‘ : ae . 
4. Pin material meets solderability requirements of 
MIL-STD-202E, Method 208C. 


A Cy : : ; j j 
Blank =+4 minutes +0.9 LSB (Standard) 5. Package is Kovar with electroless nickel plating. 
3 = +2.6 minutes max. (High Accuracy) 6. Case is electrically floating. 


*Flatpack available, consult factory. 
Operating Temperature Range: 
1 = —55°C to +125°C PIN CONNECTION TABLE 
3=O0Cto+70C 


Input Type: FUNCTION FUNCTION 


Voltage Follower Buffer (requires external Solid St. | Solid St. 
signal conditioner such as an isolation transformer): Resolver | Synchro Buffer 
8915 = 400 Hz 1 $1 $1 Cc. RH (Ref. High) 
8916 = 60 Hz 2 $2 $2 RL (Ref. Low) 
Solid State Synchro (direct input): 3 S3 S3 N.C. 
8917 = 400 Hz, 11.8V L-L 4 S4 N.C. .C. E (Filtered DC Error Out) 
8918 = 400 Hz, 90V LL : eee 
Suh oe atte ke anaauh BNP venable Bie? to) 
8 EN 1-6 (Enable, Bits 1 to 6) 
8920 = 400 Hz, 11.8V L-L ptke Reece Our 
8921 = 400 Hz, 26VL-L VL (Logic Voltage Input) 
8922 = 400 Hz, Q9OVL-L GND 
2. Reference and signal transformers for the voltage follower S 
; Ge (Gain Control!) 
buffer input converters must be ordered separately +15V (Power Supply In) 


as follows: INH (Inhibit) 

V (Internal DC Ref. ) 
BC (Buffered Cos) 
BS (Buffered Sin) 


Part Numbers 


Ref. L-L 
Type Frequency Voltage | Voltage Ref. Xfmr. Signal Xfmr. 
eames ee ee NOTES 
Synchro 400 Hz 115V 90V 21049 21045* BS and BC pins are used in other applications. 


Synchro 400 Hz 26V 11.8V 21049 21044 * 


Resolver 400 Hz 115V 90V 21049 21048" 
Resolver 400 Hz 26V 26V 21049 21047" 
Resolver 400 Hz 26V 11.8V 21049 21046* 


Synchrot 60 Hz 115V 90V 24133-1 24126-1 
I4133-3 24126-3 


*The part number for each 400 Hz synchro or resolver isolation 
transformer includes two separate modules as shown tn the outline 
drawings. 

T60 Hz synchro transformers are available in two temperature ranges: 

1 = =—55 Cto +105 C 
3-0 Cto +70 C 


D-ABR 


E-7 


D[o[c 


ILC DATA DEVICE 
CORPORATION 


MSDC-700/HMSDC-8700 


MULTIPLEXED 14 BIT S/D AND R/D CONVERTERS 
New Design Requires Fewer Modules 


DESCRIPTION 


These two new series of multiplexed 
S/D and R/D converters are cost 
effective because they require fewer 
components and_ interconnections. 
Since each input module contains 
four signal channels, and the central 
converter is complete in one module, 
a 4 channel system can be made with 
only two modules. All common 
synchro and resolver line-to-line volt- 
ages and frequencies are available, and 


signal and reference input channels 
Can be interconnected in any com- 
bination. 


Discrete and hybrid modules can be 
used together because they are elec- 
trically interchangeable. Modules in 
the discrete MSDC-700 series are low 
profile (0.43 inch high) and low cost. 
They feature internal isolation trans- 
formers at both 60 Hz and 400 Hz. 


E-8 


MSDC-700 


Modules in the hybrid HMSDC-8700 
series have the small size, low weight, 
and high reliability of thick-film 
hybrids. They feature differential solid- 
State signal and reference inputs with 
substantial common mode rejection so 
that transformer isolation is not usually 
required. 


APPLICATIONS 


Multiplexed S/D and R/D converters 
can be used when multiple synchro or 
resolver inputs are sampled for digital 
computation or display, and real time 
tracking is not required. Multiplexing 
is found in data logging systems, pro- 
cess monitors, ordnance aiming con- 
trols, navigation systems, numerical 
control, and range instrumentation. 
The synchro and resolver inputs often 
represent variables which are analyzed 
by a computer for monitoring or 
control. 


HMSDC-8700 


FEATURES 


@ S/IMULTANEOUS SAMPLING AND 
RANDOM ACCESS 


@ SUPERIOR ALGORITHM GIVES 
INHERENTLY HIGH 
ACCURACY 


@ ONLY TWO TYPES OF MODULES 
4 channel input module and 
central converter 


@ MODULES AVAILABLE IN 
DISCRETE OR HYBRID FORM 


BOG 
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CORPORATION 


RELIABILITY 


The use of MSI and thin film resistor networks, as well as careful thermal design, 
results in very high MTBF values. Summaries of MTBF calculations are available 


on request. 


MSDC-700/HMSDC-8700 


MECHANICAL DIAGRAM FOR ALL HYBRID 
MODULES (SC 8700, SC 8710 — SC 8714) 


PIN CONNECTION TABLES FOR HYBRID MODULES 


1. PIN CONNECTION TABLE FOR CENTRAL CONVERTER: 
SC-8700 


in| ramel _ewrgtion _Hrio | name | _seition _ 


eed aed SR ed ee eke 
OD NIMNHAPWNHH-TDHOAMANYNAOAHRWHNDY — 


14 Bit 
Outputs 


No connection 
(+BC) 

(-BS) > Factory 
(-BC) ) test points 


Analog GND (Must be 
connected to pin 34) 


-COS input. Connect 
to -C outputs on all 
input modules. 

+SIN input. Connect 

to +S outputs on 

all input modules. 
Converter busy output 
Start Conversion input 
(+5.6) Factory test point 
(e) Factory test point 
No connection 

No connection if unused 
No connection 

Factory test point 

(T) Factory test point 


t Power supply connections 


(E) Factory test point 
Power supply and logic GND 
Factory test point 

Power supply connection 


2. PIN CONNECTION TABLE FOR INPUT MODULES: SC-8710 
TO SC-8714 


a a a ee ee a 9 
OMDNOANAPWN HH TCOOWN AOR WDHDH = 


N 
io) 


D-ABR 


| 
| 
| 


Synchro or resolver 
input A. S4 for 
Resolver only. 


Synchro or resolver 
input B. S4 for 
resolver only. 


Synchro or resolver 
input C. S4 for 
resolver only. 


Synchro or resolver 
input D. S4 for 
resolver only. 


Ref input high 

Ref input low 

Sample enable input. No 
connection if unused. 
Sample time output. 
Connect to sample time 
inputs on any module. 


No connection 


Power supply 
connections 


Sample time inputs 

and MUX select 

lines for inputs 

A, B, C, and D. Connect 
sample time inputs 

to any appropriate 

ST output. 

+SIN output. Connect 
to +S input on central 
converter module. 
-COS output. Connect 
to -C input on central 
converter module. 
SIN/COS select input. 
No connection if unused. 


DOT 
IDENTIFIES 
PIN 1 


10+.01 


.015 MAX 


0.25 MIN 


SEATING 
PLANE 


TOP VIEW 


1 


—e| - 0100 TYP 


TOL NON CUMULATIVE 


oo0a000000 CCOCOOOOCCC SO 
36 19 


90900000000 CDO00000 00 


a +.005 i 


.09+.01 


0.600 + .005 


18 


0.086 TYP 
RADIUS 


~~. 0.055 


RAD: TYP. 
0.018 


DIAM. TYP. 


PACKAGE IS KOVAR WITH ELECTROLESS NICKEL PLATING 
PINS ARE KOVAR WITH GOLD PLATING (50 piINCH MIN) 
CASE !S ELECTRICALLY FLOATING 


ORDERING INFORMATION 


Each module required is specified separately. Modules are called 
out with temperature range as follows: 


SC 8710 — 1 


— 883B 


Lo Reliability Grade: 


(Applies to hybrid modules only.) 
883B = Fully compliant with 
MIL-STD-883. 


B = Screened to MIL- STD- 
883 but without QCI 
testing. 


Blank = Standard DDC 
procedures. 


Temperature Range (Operating): 


1 = —55°C to +105°C 
3=0 Cro 470°C 


Module Number: 
700 Series = Discrete encapsulated modules 
8700 Series = Hybrid modules 


Each system requires the following: 


1. Central Converter. 
Discrete: 


Hybrid: 


Sc 700. 


SC-8700 


Order one of the following: 


2. Signal Input soa a Order one or more of the ee 


L-L a le Bria le 
Voltage Frequency Frequency 


Input 
Type 


Synchro 


Synchro 
Synchro 
Resolver 
Resolver 
Resolver 


*The SC-715 module may be used at 400 Hz by interconnecting 


SC 710 | 360-440 Hz 
360-440 Hz 
47-440 Hz 
SC 712 | 360-440 Hz 
SC 713 | 360-440 Hz 
SC 714 | 360-440 Hz 


SC 8710 
SC 8711 


SC 8712] 


SC 871s 


SC 8714] 


47-440 Hz 
47-440 Hz 
47-440 Hz 
47-440 Hz 
47-440 Hz 


the SC-711 sample time outputs (ST) to the desired SC-715 . 
sample time inputs (STA, STB, STC and STD). 
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OSC-15801 


SYNCHRO/RESOLVER/INDUCTOSYN® 
REFERENCE OSCILLATOR 


FEATURES 


@ QUADRATURE REFERENCE 
OUTPUT VOLTAGES FOR 
INDUCTOSYN APPLICATIONS 


@ PROGRAMMABLE OUTPUT 
FREQUENCY FROM 400 Hz 
TO 20 KHz 


DESCRIPTION 


The OSC-15801 is a quadrature power mable in frequency down from 20 KHz 


SMALL 18 PIN DDIP 


oscillator with two outputs 90° out of 
phase. These outputs provide both the 
reference and quadrature signals 


simultaneously, making the OSC- 
15801 ideally suited for Inductosyn 
applications. 


With the use of two capacitors, the 
oscillator’s outputs are pin program- 


to 400 Hz. The Reference output vol- 
tage is 8.8Vrms at 20 KHz and can be 
scaled down with a single resistor. 


Packaged in an 18 pin hermetic DDIP, 
the OSC-15801 operates over a temp- 
erature range of -55°C to +125°C 
making it an excellent choice for 
Inductosyn applications. 


SCALEABLE REFERENCE 


OUTPUT 


@ -55°C TO +125°C OPERATING 
TEMPERATURE RANGE 


REF OUT-90° 


| PA IN 


Rext 30K 30K 
b- — WA — ww — 
REF 
OUT 
PA OUT 


FIGURE 1. OSC-15801 BLOCK DIAGRAM 


®Inductosyn is a registered trademark of Farrand Controls Corporation. 


E-10 


+15VDC — > 


QUAD OSCILLATOR 


GND —»> 


-15VDC —> 


BOG 
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OSC-15801 OPERATION 


TABLE 1. OSC-15801 SPECIFICATIONS 


Specifications apply over temperature range and power supply 


range. 


PARAMETER 


FREQUENCY 


OUTPUTS (Note 1) 

PA OUT 
Voltage 
Current 

REF 
Voltage 
Current 

REF -90° 
Voltage 
Current 
Protection 


POWER SUPPLIES 
Voltage 
Current 
Maximum Voltage 
without damage 
TEMPERATURE 
RANGE 
Operating 
-10X 
-30X 
Storage 
PHYSICAL 
CHARACTERISTICS 
Size 


Weight 


PROGRAMMABLE FREQUENCY OUTPUT 


OSC-15801 


The output frequency of the OSC-15801 is programmable from 
20 KHz down to 400 Hz. The frequency is programmed using 


UNITS VALUE two external equal value capacitors (see figure 2). The value of 


the capacitors (Cext) is calculated as follows: 
to AK Cext = (2,400,000/f) - 100 


Where: C is capacitance in picofarads 


71to 88 f is frequency in Hertz 


215 min PROGRAMMABLE REFERENCE VOLTAGE OUTPUT 


7.1 to 8.8 
3 min 


The PA OUT (REF), pin 13, provides from 7.1V to 8.8V rms, 
depending on the operating frequency. Table 2 lists the PA 
OUT voltages at the (programmed) operating frequency. 


(Note 2) These voltages are the maximum voltages obtained at these 
3 min frequencies, with Rext = 0 Ohms (pin 7 jumped to pin 3). 


short circuit and transient 
proof 


TABLE 2. PA OUT/FREQUENCY 


PA OUT FREQUENCY 


+15 +5% 


10 max plus load current 8.8 Vrms 


7.5 Vrms 


+18 7.1 Vrms 


To scale down the PA OUT voltage, an external resistor (Rext) 


-55 to +125 is connected between pins 3 and 7. The value of Rext is calcu- 


0 to +70 lated as follows: 
cee tO hee Rext = 30 [(PA OUT/desired voltage) -1] 


Where: Rext is in K Ohms. 

10x08x02 desired voltage is in Vrms. 

(25.45 x 20.32 x 4.83) PA OUT is dependent on frequency used. 
18 pin DDIP 


0.4 FOR EXAMPLE, to scale down PA OUT to 5Vrms at 10KHz the 


(1) value of Rext would be calculated as follows: 
Rext = 30 [(PA OUT/desired voltage) -1] 


Notes: 
1. Output voltage tracks +15V supply levels. Rext = 30 [(7.5/5)-1] 
2. Clipped sine wave for demodulator drive only, 10Vrms typ. Rext = 15K 


+15V -15V 


REF OUT =-90° 


Cext 


OSC-15801 PA OUT (REF) 


Cext 


REF OUT* 


Rext 
* Din 7. REF OUT is the unbuffered output of oscillator. 


FIGURE 2. PROGRAMMING RESISTOR AND CAPACITOR CONNECTIONS 
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TABLE 2. OSC-15801 PIN FUNCTIONS 


[TABLE 2056-16807 PIN FUNCTIONS 
eT wane runerion 


No connection. 


OSC-15801 


ORDERING INFORMATION 
OSC-15801 - 300 


E-12 


0.040 TYP 
{ (1.016) 
jo 0.018 + 0.002 0.100 TYP 
(0.457 + 0.051) (2.54) 
8 EQ. SP. @ .100 = 
0.800 
TOL NONCUM 
(@2.54 = 20.32) 
SIDE VIEW 


No connection. Reliability Grade: 
PA IN Power Amplifier inverting input. _ : 
NC Ria connection. 0 = Standard DDC processing 
NC No connection. 
C1 Capacitor connection for pin 
programmable frequency. 1 = Fully compliant with 
REF OUT Reference output. vier Uae 
NC No connection. ; ; 
in : 
NG ees. cluding full QCI testing 
C2 Capacitor connection for pin 
programmable frequency. 
C2 GND Capacitor connection for pin 2 = Screened to MIL-STD-883 
programmable frequency. but without QCI Testing. 
REF OUT -90° -90° reference output signal. 
PA OUT Power Amplifier output. 
NC No connection. 
-15V -15VDC power supply voltage. 
GND Ground Temperature: 
NC - No connection. _ . . 
+15V +15VDC power supply voltage. : ~ e 7 ae C 
= oO 
1.002 
MAX 
(25.451) 
18 10 
0.800 0.600 
MAX (15.24) 
(20.32) 
1 9 
TOP VIEW al im 
0.190 (0.254 + 0.051) 
PIN 1 INDEX MAX (4.826 
= SIDE VIEW 


Notes: 

(1) Dimensions in inches (mm). 

(2) Lead cluster to be centralized 
within +0.010 of outline dimensions. 

(3) Pin material meets solderability 
requirements to MIL-STD-202E, 
Method 208C. 

(4) Pin numbers for reference only. 


FIGURE 3. OSC-15801 MECHANICAL OUTLINE 


OO an. OSC-15802 


CORPORATION 


SYNCHRO/RESOLVER/INDUCTOSYN® 
REFERENCE OSCILLATOR 


FEATURES 


DESCRIPTION . ® ADI Alternate Source 
The OSC-15802 is a quadrature Reference output voltage is 7V rms and 


power oscillator with two outputs 90° —_ canbe scaled down withasingleresistor.]| ® Quadrature Reference Output 
out of phase. These outputs provide Voltages for Inductosyn Applica- 
both the reference and quadrature sig- tlons 
nals simultaneously, making the OSC- 
15802 ideally suited for synchro, resol- APPLICATIONS © Programmable Output Frequency 
ver, LVDT (RVDT), and Inductosyn Packaged in an 18 pin hermetic to 10 kHz E 
applications. DDIP, the OSC-15802 operates over a 

a temperature range of -55°C to +125°C ° Small 18 Pin DDIP 

With the use of two capacitors, the making is an excellent choice for} @ S¢aleable Reference Output 
oscillator’s outputs are pin program- synchro, resolver, LVDT (RVDT), and 
mable in frequency to 10 kHz. The _ Inductosyn applications. © -55°C to +125°C Operating 
Temperature Range 


+15VDC 


PA OUT 
QUAD OSCILLATOR 


GND 
-15VDC 
Cox 


C2 'S REF OUT+90° 


FIGURE 1. OSC-15802 BLOCK DIAGRAM 
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a 1. OSC-15802 SPECIFICATIONS 


OSC-15802 


pecifications apply over tempe 


PARAMETER | UNITS | VALUE 


FREQUENCY oe Programmable from 
400 to 10k 


fourpurs, 
| PAOUT TT 


w Voltage 7+1% for 2.5V input 


mA rms 


REF 
w Voltage 
w Current mArms |3min 


REF +90° a 


w Voltage 


mA rms 


w Protection short circuit and tran- 


| POWER SUPPLIES 


sient proof 


Se Soca 
| Voltage | Vd t5% 


load 


TEMPERATURE RANGE [| 

Operating — + —_____ 
Pp omtoX 55 to H125 
| he 


<a | % | 65 to +150 


PHYSICAL CHARACTERISTICS es 


Size 1.0x0.8x0.2 
(mm) |(25.45 x 20.32 x 4.83) 


La 8 


+15V 


Cext 


REF OUT +90° 


Cext 


REF OUT 


2 
| Vims |2.5410% 


OSC-15802 


PROGRAMMABLE FREQUENCY OUTPUT 


The output frequency of the OSC-15802 is programmable to 
10 kHz. The frequency is programmed using two external equal 
value capacitors (see Figure 2), The value of the capacitors (Cex) 
is calculated as follows: 


Where: C is capacitance in picofarads (use NPO ceramic). 


f is frequency in Hertz. 


To scale down the PA OUT voltage, an external resistor (Rex:) 
is connected between pins 3 and 7. The value of Rext is calculated 
as follows: 


37.5 
Vout 


Rext = = 5. 55 


Where: Rex: is in k Ohms. 


Vout 1S the desired voltage in Vrms. 


=15V 


PA OUT (REF) 


Rext 


FIGURE 2. PROGRAMMING RESISTOR AND CAPACITOR CONNECTIONS 
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[TABLE ?. 080-8002 PNFUNCTIONS | ORDERING INFORMATION 
PNT NAME [FUNCTION 


No connection 
ipaeaia _ Reliability Grade: 
No connection 

Capaictor connection ( pin programmabie freq) 0 
Reference Output 

No connection 

No connection 

No connection 

Capaictor connection ( pin programmable freq) a= Screened to MIL-STD-883B, 
+90° reference output signal but without QCI Testing. 
Power amplifier output 


No connection OSC-15802- f 


= Standard DDC processing 


1= Fully compliant with MIL-STD-883B, 
including full QCI testing. 


1 
2 
3 
4 
5 
6 
ti 
8 


No connection 
-15Vde power supply voltage 
Ground Temperature: 
No connection 
1= -55°C to +125°C 


+15Vde power supp 


3= o°C to+70°C 


1.002 
MAX 
(25.451) 
18 10 
0.800 0.600 
- (1824 
1 9 
TOP VIEW 0.010 + 0.002 
@4ae TYP 
1 (0.254 + 0.051) 
0.035 PIN 1 INDEX MAX (4.826) 
SIDE VIEW 
Notes: 
DOAO TTF (1) Dimensions in inches (mm). 


(1.016) (2) Lead cluster to be centralized 


_.|| 0.018 + 0.002 | 0.100 TYP within +0.010 of outline dimensions. 
(0.457 + 0.051) (2.54) (3) Pin material meets solderability 
requirements to MIL-STD-202E, 
PEG Sh .0'= Method 208C. 
800 


0. (4) Pin numbers for reference only. 
TOL NONCUM 
(@ 2.54 = 20.32) 


SIDE VIEW 


A FIGURE 3. OSC-15802 MECHANICAL OUTLINE 
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DESCRIPTION 


The RDC-19200 Monobrid Series are 
versatile state-of-the-art resolver to digi- 
tal converters featuring programmable 
resolution and bandwidth and a velocity 
output voltage. 


Resolution programming allows selec- 
tion of 10, 12, 14, or 16 bits and are 
available with commensurate accura- 
cies up to 2 minutes + 1 LSB. Resolution 
programming combines the high tracking 
rate of a 10 bit converter with the preci- 
sion of a 16 bit device in one package. 

The velocity output (VEL) from the RDC- 
19200 is a ground based voltage of 0 
to +10VDC with a linearity of 2.0% or 
0.7%. VEL may be scaled up by a single 


fe 
a 


RESOLVER], _ | SIGNAL : 
INPUT [-4E> INPUT OPTION SIN @ SIN ps 
| CURA ive ERROR VEL 
PROCESSOR 
pO BW 


RDC-19200 MONOBRID SERIES 


10, 12, 14, OR 16 BIT INDUSTRIAL 
RESOLVER TO DIGITAL CONVERTERS 


FEATURES 
LOW COST 


external resistor to provide up to IDEAL FOR MOTOR CONTROL 


+10VDC for the required maximum 
tracking rate. 

APPLICATIONS BUILT-IN-TEST (BIT) AND LOSS- 
The RDC-19200 Series converters are OF-SIGNAL (LOS) OUTPUTS 


designed for use in modern high per- 
formance commercial and_ industrial 


control systems. Applications include VELOCITY OUTPUT ELIMINATES 
Segre TACHOMETER 


motor control, theodolite, radar antenna 
position information, CNC machine tool- 


ing, robot axis control, and process con- e PROGRAMMABLE RESOLUTION 
trol. With their low cost and superior per- 
formance, the RDC-19200 Series con- 
verters are ideal for motion control and @ PROGRAMMABLE BANDWIDTH 
position monitoring applications. 
@ ACCURACY TO +2.3 ARC MIN. 
CONVERTER | eee eee 1 LSB ANTIJITTER FEEDBACK | Be 


(8-9) 
ACCURACY : 
— ¥ COMnGL GAIN DEMODULATOR 
TRANSFORMER g ast 


= —_— — 
POWER 
SUPPLY 

CONDITIONER 


+11V -_— 
INTERNAL 
y<e— DCREF 
(+5.5V) 


REFERENCE 
CONDITIONER 


i 
TRIGGERED 
LATCH 
16 BIT CT 
TRANSPARENT 
LATCH 
DIGITAL 


| 
| 
| 
a 


LOSS OF 
SIGNAL 


DETECTOR 


DIGITAL 
INTERFACE 


16 BIT OUTPUT 
TRANSPARENT 
LATCH 04-07 
| , 


3 STATE 3 STATE 
TTL BUFFER TTL BUFFER 


Q 


BIT INHIBIT T 
DETECT TRANSPARENT [(D 
LATCH 


+15V | 
| UY U a = 
Note: ; q; — . = _ _ _ _ 
A“/" through input or output lines indicates * SV | 10 12-19 uy [8 | 3 9 


additional functions not shown. See text OPTIONAL = =a ——— ae 
LOS EM BITS 1-8 BITS 9-16 EL RESOLUTION © 
L 


Cc T 
FIGURE 1. RDC-19200 BLOCK DIAGRAM 


®Monobrid is a registered trademark of ILC Data Device Corporation. 
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TABLE 1. RDC-19200 SPECIFICATIONS 


These specifications apply over temperature range, power supply range, reference frequency and amplitude range; + 10% signal amplitude variation and 
up to 10% harmonic distortion in the reference. 


PARAMETER VALUE DESCRIPTION 
RESOLUTION 10, 12, 14, or 16 bits Programmable 


ACCURACY GRADES 10, 8, 4, 3, 2 minutes 
DIFFERENTIAL LINEARITY 16,12, 8, or4 LSBs in the 16th bit, see Ordering Information 


REF INPUT CHARACTERISTICS 


Max + 1 LSB of selected resolution, see Ordering Information 


Voltage Range 4-50Vrms 
Single Ended Input Impedance 100K Ohm min, 110K Ohm nom 
Frequency Range 360Hz to 6KHz See Table 4, Dynamic Characteristics 


SIGNAL INPUT CHARACTERISTICS Voltage options and minimum input impedance, balanced. 


Resolver 11.8VL-L 
Zi, Single Ended 70K Ohm 
Z,,, Differential 140K Ohm 
Z,, Each line-ground 80K Ohm 
Common Mode Range 26V peak 
Max Voltage w/o damage 100V transient 

Direct 2.0VL-L 


Input Signal Type Sin and Cos resolver signal referenced to converter’s internal DC 


ref voltage of + 5.5V. 


2V nom, 2.3V max 


15V continuous, 
110V peak transient 


>20M ohm//1 Opf voltage follower 


Sin/Cos Voltage Range 
Max Voltage w/o Damage 


Zin 


DIGITAL INPUT/OUTPUT 
Logic Type 
Inputs 


TTL/CMOS compatible 


Logic 0 = 0.8V max 
Logic 1 = 2.0V min 


Max Voltage w/o Damage -—0.3t011V 
Loading —10 vA max Pull-up current source to + 5V//5pf max CMOS transient protected. 
INH (Inhibit) Logic 0 inhibits, Logic 1 enables, Data stable within 0.3us 


EM (Enable bits 1-8) 
EL (Enable bits 9-16) 


S (Control Transformer) 


Logic 0 enables, data valid within 150 ns. Logic 1 high Z within 100 ns. 


Logic 0 for Control Transformer, Logic 1 for normal tracking. 


BW (Bandwidth) Logic 1 = High BW (530 Hz); Logic 0 = Low BW (130 Hz) 
Resolution Control B (pin8) A (pin 7) 

10 Bit 0 0 

12 Bit 

14Bit 


16 Bit 


Unused output bits are at logic 0 


OUTPUTS 


Parallel Data 10, 12, 14, or 16 bits Natural binary angle, positive logic 

CB (Converter Busy) 0.4 us to 0.7 us positive pulse; leading edge initiates counter update. 
U (Direction) Logic 1 counts up, Logic 0 counts down 

MC (Major Carry) Logic 0 at MC_ 

BIT (Built in Test) Logic 0 for BIT condition. 

LOS (Loss of Signal) Logic 1 for LOS (1-3yA pull-up to +5V). 


—1.6mA at0.4V max 
0.4mA at 2.8V min 


Logic 0:1 TTLLoad 
Logic 1:10 TTL Loads 
High Z: 10A/5pf max 


Drive Capability 


ANALOG OUTPUTS 
V (Internal DC ref) 
VEL (Velocity) 


+5.5V nom 
See Table 6, Velocity Characteristics 


e (AC error) 50mVrms per LSB of error 10 bit mode 
25mVrms per LSB of error 12 bit mode 

12.5mVrms per LSB of error 14 bit mode 

6.3mVrms per LSB of error 16 bit mode 


Dynamic Characteristics See Table 4, Dynamic Characteristics 
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TABLE 1. RDC-19200 SPECIFICATIONS (Continued) 


PARAMETER VALUE DESCRIPTION 
POWER SUPPLY CHARACTERISTICS 
Nominal Voltage and Range +15VDC +5% +5VDC +10% -15VDC +5% Note: When analog outputs are not 
Max Voltage w/o Damage +18V +8V required, ground — 15V (pin 36). 
Max Current 25mA 10mA 


TEMPERATURE RANGES 
Operating 0°C to + 70°C 
Storage — 40°C to + 120°C 


PHYSICAL CHARACTERISTICS 
Size 1.14x 2.02 x 0.23 inches 
(28.96 x 51.3x 5.84mm) 
Weight 0.46 oz 
(13.gm) 


TECHNICAL INFORMATION 


INTRODUCTION INTERNAL DC REFERENCE VOLTAGE (V). This internal voit- 


The RDC-19200 Series are small, 40 pin TDIP resolver to digital age is not required externally for normal operation of the conver- 
hybrid converters. As shown in the block diagram (figure 1), the ter. It is used as the internal DC reference common with the 
RDC-19200 can be broken down into the following functional direct input option. It is nominally +5.5V and is proportional to 
parts: Signal Input Option, Converter, Analog Conditioner, Power the +15VDC supply. 

Supply Conditioner, and Digital Interface. 


11.8V RESOLVER INPUT OPTION. The 11.8V resolver inputs 
are true differential inputs with high AC and DC common mode 
rejection (see figure 4). Input impedance is maintained with 
power off. The recurrent AC peak + DC common mode voltage 
should not exceed 26V peak; maximum transient peak voltage 
6 DEGREES 
— should not exceed 100V. 


300 360 


In Phase with REF 
of Converter 
(e) 


RDC-19200 


— Vmax 
S1 — $3 = —VuyaxSINe 
_— VOLTAGE 
FOLLOWER BUFFER 
Standard Resolver Control Transmitter (RX) Outputs as a Function of 
CCW Rotation From Electrical Zero (EZ) With R2-R4 Excited. 


5 


OY 


FIGURE 2. RESOLVER SIGNALS 


SIGNAL INPUT OPTIONS 


In aresolver, shaft angle data is transmitted as the ratio of carrier 

amplitudes across the terminals. The converter internal to the 2V RMS 
RDC-19200 operates with signals in resolver format, sinécosat 

and cosécosat. Figure 2 shows the resolver signals as a function 

of the angle 6. The RDC-19200 accepts solid state resolver 

(11.8Vrms) and direct (2Vrms) inputs. The reference is a single 

ended input with 100K ohm impedance. 


CONVERTER 


| 
| 
| 
| 
| 
| 
| 
| 
| 
weed 


2V DIRECT INPUT OPTION. The direct inputs are transient 
protected voltage followers which accept 2Vrms resolver inputs, 
as shown in figure 3. A 2V input from a resolver allows use of 
a lower reference voltage. This lowers oscillator cost and allows 
a lower power reference oscillator. FIGURE 3. DIRECT INPUT OPTION - 2V 
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RESISTOR PROGRAMMING FOR NON-STANDARD INPUT 
VOLTAGES. When applying voltages greater than 2Vrms, a 
simple voltage divider can be used to attenuate both the sin and 
cos inputs. Since the converter inputs are voltage followers, 
there will be no loading on the resistor dividers (see figure 5). 
The 11.8V resolver input conditioner consists of two differential 
amplifiers. The 11.8V input is scaled down to 2V. When applying 
resolver inputs greater than 11.8V, four resistors, one in series 
with each input line, can be used to scale down the voltage (see 
figure 6). 


RDC-19200 


RESOLVER CONDITIONER 


11.8V RMS 


S4 


S2 


FIGURE 4. RESOLVER INPUT OPTION - 11.8V 


RDC-19200 


Input VoltageL-L) | Ri+R3 
2V 7 R3 


Notes: 

(1) R1 = R2;R3 = R4to0.1% match. 

(2)R1+R3 and R2+ R4 should be as high as possible to minimize 
resolver loading. 


FIGURE 5. INPUT RESISTOR SCALING - 2V 


RDC-19200 MONOBRID SERIES 


RDC-19200 


R+70.8K  — _Input VoltageL-L 
70.8K 7 11.8V 
Notes: 


(1) Input Voltage L-L is greater than 11.8V. 
(2) R = R1 = R2 = R3 = Ré4 to 0.1% match. 


FIGURE 6. INPUT RESISTOR SCALING - 11.8V 


CONVERTER OPERATION 


As shown in figure 1, the converter section of the RDC-19200 
contains a high accuracy control transformer, demodulator, error 
processor, voltage controlled oscillator (VCO), up-down counter, 
zero-set timing, and reference conditioner. The converter pro- 
duces a digital angle # which tracks the analog input angle @ to 
within the specified accuracy of the converter. 
The control transformer performs the following trigonometric 
computation: 
sin(@ — ) = sindcosd@ — cosésing 

Where: 

6 is angle theta, representing the resolver shaft position. 

¢ is digital angle phi, contained in the up/down counter. 


The tracking process consists of continually adjusting ¢ to make 
(9 — d) » 0, so that ¢ will repeat the shaft position 6. 


The output of the demodulator is an analog DC level propor- 
tional to sin(@ — ¢). The error processor receives its input from 
the demodulator and integrates this sin(@ — @) error signal which 
then drives the VCO. The VCO’s clock pulses are accumulated 
by the up/down counter. The velocity voltage accuracy, linearity 
and offset are determined by the quality of the VCO. Functionally, 
the up/down counter is an incremental integrator. Therefore, 
there are two stages of integration which makes the converter 
a Type II tracking servo. 


In a Type Il servo, the VCO always settles to a counting rate 
which makes dd/dt equal to dé6/dt without lag. The output data 
will always be fresh and available as long as the maximum 
tracking rate of the converter is not exceeded. 


The RDC-19200 has unique zero-set timing circuits that cancel 
out all internal op-amp DC offsets. This zero-setting is done 
twice a reference input carrier cycle centered around the zero 
crossings. Each zero-setting cycle lasts for 18us. During this 
time, the resolver input is disconnected and a zero input is 
switched in. The digital input to the control transformer is latched. 
The resultant DC error at the output of the demodulator is sam- 
pled and injected back in during the normal mode of operation. 


The result is an effective way of simulating DC offset-free op- 
amps which ensure a converter whose actual dynamic and large 
signal performance is the same as its mathematical theoretical 
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performance. In a somewhat similar manner, the velocity op-amp 
integrators DC offset voltage is also cancelled out with this 
zero-setting scheme. 


The reference conditioner is a comparator that produces the 
square wave reference voltage which drives the demodulator. 
It is single ended ground based with an input Z of 100K ohms 
min, 110K ohms nom, resistive. 


MINIMIZING ERRORS DUE TO QUADRATURE. In those appli- 
cations where highest accuracy is needed, the REF input can 
be phase shifted by adding a capacitor in series with the REF 
input (pin 40) to add a phase lead equal to the nominal phase lead 
of the resolver input. To determine the capacitor’s value, see 
figure 7. 


RDC-19200 


Note: 
Choose C such that the V., to REF phase lead is equal to the resolver 
to REF phase lead plus 9us. 


FIGURE 7. PHASE SHIFTING THE REF INPUT 


QUADRATURE VOLTAGES. In a resolver, quadrature voltages 
are by definition the resulting 90° fundamental signal in the nulled 
out error voltage (e) in the converter. A digital position error will 
result due to the interaction of this quadrature voltage and a 
reference phase shift between the converter signal and reference 
inputs. The magnitude of this error is given by the following 
formula: 
Magnitude of Error = (Quadrature Voltage/F.S. signal) * tan(a) 
Where: 

Magnitude of Error is in radians. 

Quadrature Voltage is in volts. 

Full Scale signal is in volts. 

a = signal to REF phase shift. 
An example of the magnitude of error is as follows: 

Let: Quadrature Voltage = 11.8mV 

Let: F.S. signal = 11.8V 

Let: a = 6° 

Then: Magnitude of Error = 0.35 min = 1 LSB 

in the 16th bit. 


Note: Quadrature is composed of static quadrature which is 
specified by the resolver supplier plus the speed voltage which 
is determined by the following formula: 


Speed Voltage = (rotational speed/carrier freq) * F.S. signal 
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Where: 
Speed Voltage is the quadrature due to rotation. 
Rotational speed is the RPS (rotations per second) 
of the resolver. 
Carrier frequency is the REF in Hz. 


ANALOG CONDITIONER 


The Analog Conditioner section performs three functions. It con- 
verts analog ground from 5.5V to OV, provides a gain of 2 for 
AC Error (e) and a gain of 2.2 for Velocity (VEL). The velocity 
scaling sensitivity can be increased with an external resistor. 
Refer to VEL PROGRAMMING section for more information. 


POWER SUPPLY CONDITIONER 


The power supply conditioner lowers the internal power supply 
voltage to the custom CMOS chip to + 11V from the + 15V supply. 
The +11V will track the +15V. Internal analog ground is one 
half of 11V or +5.5V, nom. 


DIGITAL INTERFACE 


The digital interface circuitry performs three main functions: 
1. Latches the output bits during an Inhibit (INH) command 
allowing stable data to be read out of the RDC-19200. 
2. Furnishes parallel tri-state data formats. 
3. Acts as a buffer between the internal CMOS logic and the 
external TTL logic. 
In the RDC-19200, applying an Inhibit (INH) command will lock 
the data in the output transparent latch without interfering with 
the continuous tracking of the converter’s feedback loop. There- 
fore, the digital angle ¢ is always updated, and the INH can be 
applied for an arbitrary amount of time. The Inhibit Transparent 
Latch and the 50ns delay are part of the inhibit circuitry. For 
further information, see the INHIBIT (INH, PIN 9) paragraph. 


The BIT detect circuitry monitors the error level (D) from the 
demodulator and the LOS (loss of signal) detector detects 
disconnected resolver inputs. 


LOGIC INPUT/OUTPUT 


The digital angle outputs are buffered and provided in a two-byte 
format. The first byte contains the MSBs (bits 1-8) and is enabled 
by placing EM (pin 10) to a logic 0. Depending on the user 
programmed resolution, the second byte contains the LSBs and 
is enabled by placing EL (pin 11) toa logic 0. The second byte will 
contain either bits 9-10 (10 bit resolution), bits 9-12 (12 bit resolu- 
tion), bits 9-14 (14 bit resolution) or bits 9-16 (16 bit resolution). 
All unused LSBs will be at logic 0. Table 2 lists the angular 
weight for the digital angle outputs. 


The digital angle outputs are valid 150 ns after EM or EL are acti- 
vated with a logic 0 and are high impedance within 100 ns, max 
after EL and EM are set to logic 1. Both enables are internally 
pulled up to +5V by —10uA max current sources. 
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TABLE 2. DIGITAL ANGLE OUTPUTS 


(MSB ALL MODES) 


{ 
2 
3 
4 
5 
6 
7 
8 


10 (LSB 10 BIT MODE) 


(LSB 12 BIT MODE) 


4 (LSB 14 BIT MODE) 


6 (LSB 16 BIT MODE) 


1 : : 
Note: EM enables the 8 MSBs and EL enables the LSBs. 


DIGITAL ANGLE OUTPUT TIMING 


The digital angle output is 10, 12, 14, or 16 parallel data bits. All 
logic outputs are short-circuit proof to ground and +5V. The CB 
Output is a positive, 0.4 to 0.7 us pulse. 

The digital output data changes approximately 50 ns after the 
leading edge of the CB pulse because of an internal delay (Shown 
in figure 1). Data is valid 0.2 us after the leading edge of CB 
(see figure 8). The angle is determined by the sum of the bits 
at logic 1. 


1.22us MiIN—>| 


DEPENDS ON d¢/dt 


| | | 0.4-0.748 
CB 
0.2us wax] 

VALID 


DATA 
FIGURE 8. CB TIMING 


+ 


= 


LG 
NG 


INHIBIT (INH, PIN 9) 


When an Inhibit (INH) input is applied to the RDC-19200, the 
Output Transparent Latch is locked, causing the output data bits 
to remain stable while data is being transferred (see figure 9). 
The output data bits are stable 0.3 us after INH is driven to logic 0. 
A logic 0 at the T input of the Inhibit Transparent Latch latches 
the data, and a logic 1 applied to T allows the bits to change. 
This latch also prevents the transmission of invalid data when 
there is an overlap between CB and INH. While the counter is 
not being updated, CB is at logic 0 and the INH latch is transpa- 
rent; when CB goes to logic 1, the INH latch is locked. If CB 
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occurs after INH has been applied, the latch will remain locked 
and its data will not change until CB returns to logic 0; if INH is 
applied during CB, the latch will not lock until the CB pulse is 
over. The purpose of the 50 ns delay is to prevent a race condition 
between CB and INH where the up-down counter begins to 
change as an INH is applied. 


An INH input, regardless of its duration, does not affect the con- 
verter update. A simple method of interfacing to a computer 
asynchronous to CB is: 

(1) Apply INH. 

(2) Wait 0.3 us, min. 

(3) Transfer the data. 

(4) Release INH. 
As long as the converter maximum tracking rate is not exceeded, 
there will be no velocity lag in the converter output although 
momentary acceleration errors remain. If a step input occurs, 
as when the power is initially applied, the response will be criti- 
cally damped. Figure 10 shows the response to a step input. 
After initial slewing at the maximum tracking rate of the converter, 
there is one overshoot (which is inherent in a Type Il servo). 
The overshoot settling to a final value is a function of the small 
signal settling time. 


oe Se) = 


ASYNCHRONOUS TO CB 


~— 0.3us MAX 


FIGURE 9. INHIBIT TIMING 


OVERSHOOT 


| SMALL SIGNAL 
SETTLING TIME 


MAX SLOPE EQUALS 
TRACKING RATE (SLEW RATE) 


FIGURE 10. RESPONSE TO A STEP INPUT 


DATA TRANSFERS 

Digital output data from the RDC-19200 can be transferred to 8 
bit and 16 bit bus systems. For 8 bit systems, the MSB and LSB 
bytes are transferred sequentially (see figures 11 and 12). For 
16 bit systems, all bits are transferred at the same time (see 
figures 13 and 14). 
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8 BIT BUS 


B 
RDC-19200 
B 


INH 
(LSB)BIT 16 


FIGURE 11. DATA TRANSFER TO 8 BIT BUS 


EM 150ns MIN 


|}<—>}-ons MIN 


| 
! 
' 
| 
I 
| 
| 
DATA 1-8 | | | | 
VALID 100ns MAX 
' 


EL 150ns Na | 


/k—>-ons MIN 
DATA 9-16 
VALID 
100ns MAX 


FIGURE 12. DATA TRANSFER TO 8 BIT BUS TIMING 
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RDC-19200 16 BIT BUS 


FIGURE 13. 16 BIT DATA TRANSFER 
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150ns MIN 


}~—>}- ons MIN 


DATA 1-16 
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FIGURE 14. 16 BIT DATA TRANSFER TIMING 
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PROGRAMMABLE RESOLUTION 


Resolution is controlled by two logic inputs, A and B (see table 
3). The resolution can be changed during converter operation 
so the appropriate resolution and velocity dynamics can be 
changed as needed. To insure that a race condition does not 
exist between counting and changing the resolution, inputs A and 
B are transferred through the latch internally on the trailing edge 
of CB (see figure 15). 


TABLE 3. RESOLUTION CONTROL 


RESOLUTION 


ian 8) 


pin7 
0 
1 
0 
1 


Note: All unused digital output data bits are 
at logic 0. 


FASTER SETTLING TIME USING BIT TO REDUCE 
RESOLUTION 


Since the RDC-19200 has higher precision in the higher resolu- 
tion mode and faster settling in the lower resolution modes, the 
BIT output can be used to program the RDC-19200 for lower 
resolution, allowing the converter to settle faster for step inputs. 
High precision, faster settling can therefore be obtained simul- 
taneously and automatically in one unit. (Note: the use of the BIT 
output is not recommended for 16 bit operation.) 

When the resolution is changed, the VEL scaling is also changed. 
Since the VEL output is from an integrator with a capacitor feed- 
back, the VEL voltage cannot change instantaneously. There- 
fore, when changing resolution while moving, there will be a 
transient with a magnitude proportional to the velocity and a 
duration determined by the converter bandwidth (see figure 22). 


We on 


FIGURE 15. RESOLUTION CONTROL TIMING 


CB 


MAJOR CARRY (MC, PIN 32) 


Major Carry is used with Direction Output (U) for multi-turn appli- 
cations. This signal is similar to the popular MS! four bit up-down 
counter CO (Carry Out), thatis, itis normally high and goes low for 
all 1s when counting up or all 0's when counting down. See figure 
16 for a typical interconnection. 


DIRECTION OUTPUT (U, PIN 31) 


Direction Output (U) is shown in figure 17. It is at logic 1 to count 
up and logic 0 for down. The logic level at (U) is valid at least 
0.54s before and at least 20ns after the leading edge of CB. 
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TURNS COUNTING 


RDC-19200 


MC 


UP/DOWN 
COUNTER 


4 BITS 


Notes: 

{1} For the 4 bit up/down counter, use 74LS169B(TTL) or 4516 (CMOS). 
(2) U = up/down line, logic 1 counts up. 

(3) T = toggle line, counts on positive edge. 


FIGURE 16. TURNS COUNTING CONNECTION DIAGRAM 


CB | | | | 
0.5 us MIN 
MAJOR CARRY “Liu 
MC 
sia K-20 nsMIN = =—»{ }—0.5 ys MIN 
DOWN 
/—0.5 us MIN COUNT 
DIRECTION (U) UP 


ZA we WIA WZ. 
| 0.5 us MIN ~ Jeo us MIN 


DON'T CARE 
FIGURE 17. DIRECTION OUTPUT (U) TIMING 


SYSTEM SELF-TEST 


The RDC-19200 provides two useful logic outputs for systems 
self test, BIT and LOS. 


BUILT-IN-TEST (BIT, PIN 29) 


The Built-In-Test output (BIT) monitors the level of error (D) from 
the demodulator. D represents the difference in the input and 
output angles and ideally should be zero. If it exceeds approxi- 
mately 65 LSBs (of the selected resolution), the logic level at 
BIT will change from a logic 1 to logic 0. This condition will occur 
during a large step and reset after the converter settles out. BIT 
will also change to logic 0 for an over-velocity condition because 
the converter loop cannot maintain input-output sync or if the 
converter malfunctions where it cannot maintain the loop at a 
null. (Note: the use of the BIT output is not recommended for 
16 bit operation.) 


LOSS OF SIGNAL (LOS, PIN 28) 


The Loss of Signal (LOS) output is used for system safety. The 
LOS output changes from logic 0 to 1 if both resolver inputs are 
disconnected. With disconnected resolver inputs, unpredictable 
converter performance occurs. 
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If the LOS signal is used with the 2V Direct Input option, connect 
a 10M ohm resistor from +S to V and from +C to V. This will 
insure that if the input resolver signal opens, the input pin will 
go to V volts. 


PROGRAMMABLE BANDWIDTH (BW, PIN 5) 


Either low or high bandwidth can be selected by using the BW 
logic input. A logic 0 applied to BW selects low bandwidth (130 
Hz nom), while a logic 1 selects high bandwidth (530 Hz nom). 
Bandwidth can be changed during converter operation. 


Bandwidth and the acceleration constant (K,) can be determined 
from the following formulas: 
Closed Loop Bandwidth (Hz) V 2 Ar 
K, = A 


See Dynamic Characteristics Table 4 and figures 25 to 27 for 
values. 


TABLE 4. DYNAMIC CHARACTERISTICS 


BANDWIDTH 
PARAMETER |UNITS 
| HIGH LOW 


RESOLUTION | BITS | 10 | 12 | 14 | 16 | 10 |12| 14 | 16 
Input Frequency | KHz * 
Tracking Rate RPSt | 800 | 200 125/32 
Bandwidth, CL Hz | 530] * * 

K, 1/sec® |1.4M| * 

Ai** | i/sec | 8 * * 

A2** 1/sec |178 | x ” 

A** 1/sec |1200| * * 

B** 1/sec | 600 * 
acc-1LSBlag__| °/sec? 

Settling time msec 40 {60} 120 | 300 


tRPS minimum 
x Same as value to left 
** See figure 25 for definition of Ay, Az, A, and B. 
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HIGH ACCURACY 
CONTROL 
TRANSFORMER 


16 BIT CT 
TRANSPARENT 
LATCH 


LA(INH) [9] 


16 BIT 
U-D COUNTER 
(SET MODE) 
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LM(EM) LU(EL) 
1-8 9-16 
FIGURE 19. CONTROL TRANSFORMER BLOCK DIAGRAM 
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CONTROL TRANSFORMER MODE (S, PIN 6) 

The converter will function as a Control Transformer (CT) by 
placing S (pin 6) to logic 0. In the CT mode, the digital inputs 
are double buffered, EM is redefined as LM, EL is redefined as 
LL and INH becomes LA (see figures 19 and 28). Figure 18 
shows CT mode timing for a two byte transfer. 

The CT mode is used when the AC error (e) is needed to drive 
an external control loop by the difference angle of the resolver 
input and the digital input. It is also used for presetting the con- 
verter to a specific angle to reduce the step response time. 


| r= tsui ae p< thi 
1 
| 
| 


al th— 
(LM) EM | | tsu—> a ! 
<—tw} tw! 


(LL) EL | | 
Notes: 


(1) tw = 100 ns min (pulse width) 1 — data held in latch, 
th = 50 ns min (hold time) 0 — latch ts transparent. 
thui = Ons min (hold time inhibit) ee 
tsu = Ons min (setup time) (3) (LA) INH is latch control 
tsui = 300 ns min (setup inhibit) for CT latch. 

(2) When Sis low: 1 - latch is transparent, 
(LM) EM is latch control for MSB byte. O — data held in latch. 


(LL) EL is latch control for LSB byte, 


FIGURE 18. CT MODE TIMING —- TWO BYTE TRANSFER, 
DOUBLE BUFFERED 
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ANALOG OUTPUTS 


The analog outputs are AC error (e) and velocity (VEL). If the 
analog outputs are not required, ground —15V (pin 36). 


AC ERROR (e, PIN 39) 


AC Error Out (e) is used in CT mode. The AC error is proportional 
to the difference between the resolver input angle @ and the 
digital input angle ¢, (6 — @), with a scaling of: 

50mVrms/LSB (10 bit mode) 

25mVrms/LSB (12 bit mode) 

12.5mVrms/LSB (14 bit mode) 

6.38mVrms/LSB (16 bit mode) 
The error is positive if it is in phase with the reference and 
negative if it is out of phase with the reference. 
The e output can swing +10V peak min with respect to ground 
when the voltage level of the +15V power supplies are 15V. 
The output level range changes proportionally with the power 
supply level. 


VELOCITY (VEL, PIN 38) 


The velocity output (VEL, pin 38) is a DC voltage proportional 
to angular velocity dé/dt. The velocity is the input to the voltage 
controlled oscillator (VCO), as shown in figure 1. Its linearity and 
accuracy is dependent solely on the linearity and accuracy of 
the VCO. 

The maximum VEL output can swing +10V min. with respect to 
ground when the voltage level of the +15V power supplies are 
15V. The output level range changes proportionally with the 
power supply level. The analog output VEL characteristics are 
listed in table 5. 


The VEL output has DC tachometer quality specs such that it 
can be used as the velocity feedback in servo applications. 


VELOCITY PROGRAMMING (VEL PROG, PIN 37) 


The velocity output scale factor can be increased by connecting 
an external resistor (R) from VEL PROG, pin 37 to ground. By 
scaling up the output, the noise and offset will increase propor- 
tionally. The value of R can be determined by the following 
formula: 
R = _10xB/A 
 1-BA 

Where: 

R = external resistor in K Ohms 

A = specified voltage scaling (RPS/VOLT) 

B = desired voltage scaling (RPS/VOLT) 


RDC-19200 


To determine A, refer to Table 6, Voltage Scaling. 
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TABLE 5. VELOCITY OUTPUT CHARACTERISTICS 
RDC-19200/19202 | RDC-19201/19203 


re | max | re | max | 


Polarity (positive for increasing angle) 
See Voltage Scaling Table 6 


Voltage scaling 
Scale Factor 
Scale Factor TC 
Reversal Error 


Linearity 


Zero Offset 
Zero Offset TC 
Load 

Output Voltage 


TABLE 6. VELOCITY OUTPUT VOLTAGE SCALING (RPS/VOLT) 


| Bw 10 BIT 12 BIT 14BIT 16 BIT 
ae a 


DYNAMIC PERFORMANCE 


A Type II servo loop (Ky = ~) and very high acceleration con- 
stants give the RDC-19200 superior dynamic performance as 
listed in table 1. 


SMALL SIGNAL STEP RESPONSE. Figure 20 illustrates the 
Small Signal Step Response (100 LSB step) for low and high 
bandwidth for the four resolutions. 


LARGE SIGNAL STEP RESPONSE. Figure 21 illustrates the 
Large Signal Step Response (179° step) for low and high bana- 
width for the four resolutions. 


BIT OUTPUT REDUCES SETTLING TIME. By using the BIT 
output together with the A and B inputs, the Large Signal Settling 
Time may be significantly reduced. Figure 22 shows the connec- 
tions required for BIT, A, and B and the resultant settling for the 
different resolution modes. 


VELOCITY RESPONSE 


A filter on the VEL output will, for a step input in velocity, eliminate 
the velocity overshoot (normally critically damped) and filter car- 
rier frequency ripple. Figure 23 shows the VEL output with and 
without a filter for low and high bandwidths. The VEL filter is 
shown in figure 24. 
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FIGURE 20. SMALL SIGNAL STEP RESPONSE (100 LSB STEP) 
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FIGURE 21.LARGE SIGNAL STEP RESPONSE (179° STEP) 
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FIGURE 22. USING BIT TO REDUCE SETTLING TIME (179° STEP) 


E-28 


OOG ... RDC-19200 MONOBRID’ SERIES 


CORPORATION 


BEFORE FILTER 
AFTER FILTER 


BEFORE FILTER 
naa Wl ial cat nal clea se dad 
et | Pe tT 
vid ty Pet Tt 
jt | ft é {| 


Voltage (1V/div) 


> 
S 
~ 
~ 
5) 
D 
pa 
S 
> 


8 10 
Time (ms) 


BEFORE FILTER 
AFTER FILTER 


BEFORE FILTER 
AFTER FILTER 


> 
S 
~ 
~ 
o 
D 
& 
Ss 
> 


Voltage (1V/div) 


20 30 
Time (ms) 


BEFORE FILTER 
AFTER FILTER 


BEFORE FILTER 
AFTER FILTER 


Voltage (1V/div) 
Voltage (1V/div) 


Ld! 

ra A 

pAt tte Tt 

ALT tT Pe | tt 
eee See 


10 20 30 


Time (ms) Time (ms) 


LOW BANDWIDTH-16-10 BIT MODE HIGH BANDWIDTH-16-10 BIT MODE 


FIGURE 23. VEL OUTPUT WITH AND WITHOUT FILTER 
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FIGURE 24. VEL OUTPUT FILTERS 
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TRANSFER FUNCTIONS 


The dynamic performance of the converter can be determined 
from its transfer function block diagram (figure 25) and open and 
closed loop Bode plots (figures 26 and 27). Table 4 lists the 
parameters relating to the RDC-19200's dynamic characteristics 
for different resolution and bandwidth modes. 
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Note: See table 4 for values of A1, A2, andB. 


FIGURE 25. TRANSFER FUNCTION BLOCK DIAGRAM 


ACCURACY AND RESOLUTION 


Table 7 lists the total accuracy including quantization for the 
various resolution and accuracy grades. 
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FIGURE 26. OPEN LOOP BODE PLOT 
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FIGURE 27. CLOSED LOOP BODE PLOT 


TABLE 7. ACCURACY/RESOLUTION 


RDC-19200 SERIES ACCURACY | 10 | 12 14 16 
MODEL NO. BIT | BIT | BIT | BIT 


RDC-1920X-304 2'+ 1LSB 
RDC-1920X-303 3'+1LSB 
RDC-1920X-302 4'+1LSB 


RDC-1920X-301 8'+ 1LSB 


RDC-19200 APPLICATIONS 


USING THE RDC-19200 IN THE CT MODE 


The CT mode can be applied in servo systems, as shown in 
figure 28. In this application, changes in position are commanded 
by the computer through signals fed to the CT. The CT then 
drives the motors through DC power amplifiers. 
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MULTI-TURN APPLICATIONS —-USE OF MAJOR 
CARRY (MC, PIN 32) 


Refer to Major Carry paragraph on page 8 for details. 


USING THE RDC-19200 AS AN R/D WITH VEL 
TO STABILIZE POSITION LOOP 


Figure 29 illustrates a typical use of a RDC-19200 connected 
as an R/D using the VEL output to stabilize the position loop. 
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DEMODULATOR 


pp COMPUTER 


FIGURE 28. CT MODE APPLICATION 


RESOLVER 


REF 
SOURCE 


FIGURE 29. R/D WITH VEL TO STABILIZE POSITION 


INTERFACING THE RDC-19200 
WITH AN IBM PC/XT/AT® 


The RDC-19200 can be connected to an IBM PC/XT/AT through 
the IBM PC Bus located at address HEX 300 through 303. This 
location is reserved by the PC for prototype cards. Figure 31 
illustrates the connection to the IBM PC Bus; figure 30 illustrates 
the timing considerations for the interface. 


RDC-19200 TO IBM PC/XT/AT 
THEORY OF OPERATION 


i 


The port address where the RDC-19200 is located is hard 
wired with jumpers into the 74LS688 address decoder. This 
address is HEX 300 through 303 and is reserved for prototype 
cards. 


. Address line A1 selects the upper or lower 8 bits of the RDC- 


19200 to be placed on the Bus. When A‘1 is high, bits 1-8 
are selected. 


. Address line AO sets and resets the RDC-19200 INHIBIT 


line. When AO is low, the INHIBIT command (INH) is invoked. 


. Toread the output of the RDC-19200, perform the following: 


a. Send address HEX 302 to INHIBIT the RDC-19200 (hold 
data stable) and place bits 1-8 on the Bus. Read and 
store data on DO to D7. 


b. Send address 300 HEX to keep the RDC-19200 in the 
INHIBIT mode and place bits 9-14 on the Bus. Read and 
store data on DO to D7. 


c. Read address 301 HEX or 303 HEX to release the RDC- 
19200 from the INHIBIT mode and prepare for the next 
measurement. No valid data will be on the bus during this 
command. 


. Since the output data is not valid until 0.5us after the INHIBIT 


command is invoked, the I/O READY line is held low for this 
period of time. When I/O READY returns to the high level, 
the data on the bus reads on the next negative clock edge. 


LATCH READ DATA 


ok Fee An Po 
ALE OUT 
— Lo 


——— 
ADDR J VALID ADDRESS OUT 


|<-s00nsec MIN PULSE—>| 


Tle) a we eee ae rm 
READY 


oR Lio» J ou 


FIGURE 30. PC APPLICATION — I/O READ CYCLE TIMING 
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BIT 16 


BUS DRIVER 


BIT 15 
BIT 14 
500 nSEC MIN 
BIT 13 PULSE 
BIT 12 | | 
74LS121 Q 

BIT 11 

BIT 10 

BIT 9 

= RDC-19200 
Y5 74LS465 A5 


-- -_ 
. eo —— 
Y8 
EM EL D 


Y1 Y2 Y3 Y4 


7 i rr, 


Al A2 A3 A4 


| 


/(O READ 
ALE 


3 STATE 
BUFFER 


Pp 
P3 ADDRESS Q3 


ADDRESS 
DECODER SELECTION 
p4 74LS688 4 JUMPERS 


5 
6 


(O READY 


FIGURE 31. RDC-19200 TO PC CONNECTION DIAGRAM 
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TABLE 8. RDC-19200 PIN FUNCTIONS 


{ 
2 
3 
4 
5 
6 


On 


S1(R)V(X) 
S2(R)+C(X) 
S3(R)+S(X) 

S4(R)— 
BW 
S 


WY 


MC 


+5V 
+15V 
GND 
—15V 
VEL PROG 


OOO 0 OOCCCOOoO°0C On °cCCOCOoOCcOoC0O==-—-=— 


OO 


FUNCTION 


(R) = 11.8V Resolver input; (X) = 2V Direct input. 

(R) = 11.8V Resolver input; (X) = 2V Direct input. 

(R) = 11.8V Resolver input; (X) = 2V Direct input. 

(R) = 11.8V Resolver input. 

Bandwidth. Logic 1 for high BW (530 Hz); logic 0 for low BW (130 Hz). 


Control Transformer Set. Logic 1 for normal tracking; logic 0 for CT operation. Used when AC error (e) is 
needed to drive external control loop by the difference angle of the resolver input and the digital input, and 
for presetting the converter to a specific angle to reduce the step response time. 


Resolution Control. Changes resolution during converter operation to 10, 12, 14, or 16 bit, depending on 
logic level. 


BA Resolution 
0 0 10 BIT 
O 1 12 BIT 
19 14BIT 
1 1 16 BIT 


Inhibit. Logic 0 prevents digital output bits from changing. 

Enable MSBs. Logic 0 enables digital output bits 1-8. Logic 1 disables these bits. 
Enable LSBs. Logic 0 enables digital output bits 9-16. Logic 1 disables these bits. 
Digital Output Bit 1 (MSB all modes) 

Digital Output Bit 2 

Digital Output Bit 3 

Digital Output Bit 4 

Digital Output Bit 5 

Digital Output Bit 6 

Digital Output Bit 7 

Digital Output Bit 8 

Digital Output Bit 9 

Digital Output Bit 10 (LSB-10 BIT MODE) 

Digital Output Bit 11 

Digital Output Bit 12 (LSB-12 BIT MODE) 

Digital Output Bit 13 

Digital Output Bit 14 (LSB-14 BIT MODE) 

Digital Output Bit 15 

Digital Output Bit 16 (LSB-16 BIT MODE) 


Loss of signal. Used for system safety, the LOS output changes from logic 0 to 1 if both resolver inputs 
are disconnected. 


Built-In- Test. Monitors level of error (D) and will change to logic 0 if itexceeds 65 bits, approx. 
Also logic 0 for an over-velocity condition. 


Converter Busy. Indicates digital output update. 
Direction. Logic 1 to count up; logic 0 to count down. 


Major Carry. Used for turns counting applications; normally high, goes low for all 1's when 
counting up or all 0’s when counting down. 


Supply Voltage 
Supply Voltage 
Ground 

Supply Voltage. 


Velocity Programming. Increases output scale factor with external resistor (R) from VEL PROG, pin 37 
to ground. 

Velocity. DC voitage proportional to angular velocity 

AC Error. Used in CT mode; e is proportional to the difference between the resolver input angle @ and the 
digital output angle (6 — ¢). 

AC Reference Input. Used to drive internal demodulator. 
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REFERENCE 
OSCILLATOR 


CB 


VEL. 


RDC-19200 


CAN INTERFACE 
are WITH 8 OR 16 BIT 
MICROPROCESSOR 
INH 
ROTOR 
RESOLVER “\ “N 
TRANSMITTER EL EM 
(RX) 
FIGURE 32. RESOLVER CONNECTION - 11.8V 
REFERENCE 
OSCILLATOR 
CB 
STATOR 
VEL 


RDC-19200 


CAN INTERFACE 
WITH 8 OR 16 BIT 
MICROPROCESSOR 


PARALLEL 
DATA 


INH 


ROTOR 


RESOLVER 
TRANSMITTER EL EM 


(RX) 


FIGURE 33. RESOLVER CONNECTION - 2V 
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SOURCES OF SOCKETS FOR THE RDC-19200 


The following companies are sources of sockets for use with 
the RDC-19200 Series. Consult them for more information. 


Aries Electronics, Inc. Single In-Line Socket 
P.O. Box 130 Strip-Line Socket 
Frenchtown, NJ 08825 Part No. 20-05511-11 


Tel: 1-908-996-6841 


Circuit Assembly Corp. Part No. CA-20-STL-XX XX-X 
18 Thomas Street 

Irvine, CA 92718 

Tel: 714-855-7887 


ORDERING INFORMATION 
RDC-1920X-3 0 X 


Accuracy 


0 = 10min+1LSB" 
(16 LSBs Differential Linearity, 
RDC-19200 and RDC-19202 only) 


1=8min+1LSB 
(12LSBs Differential Linearity) 


2 = 4min+1LSB 
(8 LSBs Differential Linearity) 


3 = 3min+1LSB 
(4 LSBs Differential Linearity) 


4=2min+1LSB 
(4 LSBs Differential Linearity) 


Configuration: 
O= 11.8V,2% Linearity 
1= 11.8V,0.7% Linearity 
2= 2V,2%Linearity 
3= 2V,0.7% Linearity 


Notes: 

(1) Vel and e not characterized on models RDC-19200-300 and 
RDC-19202-300. 

(2) Differential Linearity is x LSB in the 16th bit. 


H 


Dimensions are inches (mm). 60/40 TIN 


LEAD PLATED 


PHOSPHOR 
114 MAX 0.050 
(28.96) TYP BRONZE 
(1.27) 


sis 1 


PIN 1 
DENOTED BY 
ORIENTATION 
MARK 19 EQ. SP. 
@0.100= 1.900 
ere Gin TOL.NON CUM 
TYP 
(@2.54=48.26) 
PIN NUMBERS 
FOR REF ONLY 
0.23 
MAX 
(5.84) 
0.160 
+0.040 
(4.06 + 1.02) 


FIGURE 34. RDC-19200 MECHANICAL OUTLINE 


CONNECTING THE RDC-19200 

The RDC-19200 can be attached to a PC board using hand 
solder or wave soldering techniques. Limit exposure to 300°C 
(572°F) max, for 10 seconds maximum. 

Do not use vapor phase soldering as this product con- 
tains SN60 or SN62 solder which melts at 180°C (356°F). 
Since the RDC-19200 Series converters contain a CMOS 
device, standard CMOS handling procedures should be 
followed. 
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DESCRIPTION 


The RDC-19220 Series are low cost ver- 
satile 16 bit monolithic state-of-the-art 
Resolver (and LVDT) to Digital Con- 
verters. These single chip converters are 
available in small 40 pin DDIP, 28 pin 
DDIP, or 44 pin PLCC packages and offer 
programmable features such as resolution, 
bandwidth, and velocity output scaling. 


Resolution programming allows selection 
of 10, 12, 14, or 16 bits, with accuracies to 
2.3 min. This feature combines the high 
tracking rate of a 10 bit converter with the 
precision and low speed velocity resolu- 
tion of a 16 bit converter in one package. 


RDC-19220 SERIES 
16 BIT MONOLITHIC TRACKING 


voltage. The full scale value of VEL is set 
by the user with a single resistor. 


RDC-19220 Series converters are avail- 
able with operating temperature ranges of 
0° to +70°C, -40° to +85°C, and -55° to 
+125°C , and military processing is avail- 
able (consult factory). 


APPLICATIONS 


With its low cost, small size, high ac- 
curacy, and versatile performance, the 
RDC-19220 Series converters are ideal 
for use in modern high performance in- 


RESOLVER (and LVDT) TO DIGITAL CONVERTERS 


FEATURES 


+5V ONLY 


ONLY 5 EXTERNAL PASSIVE 
COMPONENTS 


PROGRAMMABLE: 

- Resolution 10, 12, 14, or 16 bits 
- Bandwidth to 1060 Hz 

- Tracking to 2300 RPS 


DIFFERENTIAL RESOLVER AND 
LVDT INPUT MODES 


VELOCITY OUTPUT ELIMINATES 
TACHOMETER 


BUILT-IN-TEST (BIT) OUTPUT 
SMALL SIZE: 28 OR 40 PIN DDIP 


The velocity output (VEL) from theRDC- dustrial and military control systems. OR 44 PIN PLCC 
19220 Series, whichcan be usedtoreplace Typical applications include motor con- 
a tachometer, is a 4V signal referenced to trol, radar antenna positioning, machine -55° TO +125°C OPERATING 
ground with a linearity of 0.75% of output —_ tool control, robotics, and process control. TEMPERATURE 
+REF -REF BIT 
6 |7 27 
I —) *: *- “lg 
| -VSUM 
SIN = | Caw 
-S = Cow 
10 
14 
+S e Rg 
12 CONTROL 
DEMODULATOR VEL 
‘ 11 ‘ HYSTERESIS INTEGRATOR | $ Av 
| 16 BIT VCO -VCO 
& 
: count rnin ef 
+5V = 
GND S | 


INH EM BIT1 


i A B 


THRU 
BIT 16 


FIGURE 1. RDC-19220 SERIES BLOCK DIAGRAM (44 pin PLCC package) 
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TABLE 1. RDC-19220 SPECIFICATIONS 

These specs apply over the rated power supply, temperature, 
and reference frequency ranges; and 10% signal amplitude varia- 
tlon & 10% harmonic distortion. 


PARAMETER 
RESOLUTION | Bits |10,12,14,0r16 SC 
[ACCURACY | Min: | 8,4,0r2+14LSB(note3) i 
|REPEATABILITY  —s | LSB|tmax Cd 
REFERENCE (+REF, -REF) 
Type Differential 
Voltage: differential +10 max 
single ended +5 max 
overload +25 continuous, 100 transient 
Frequency DC to 40,000 (note 4) 
10M min //20 pf 
SIGNAL INPUT (+S, -S, SIN, +C, -C, COS) 
Type Resolver, differential, 
groundbased 
Voltage: operating 2 +15% 
overload +25 continuous 
10M min //10 pf. 
DIGITAL INPUT/OUTPUT 
Logic Type TTL/CMOS compatible 
Inputs Logic 0 = 0.8V max. 
Logic 1 = 2.0V min. 
Loading =10L1a max P.U. current 
source to +5V //S5pf max. CMOS 
transient protected 
Logic 0 inhibits; Data stable 
within 0.3LS 
Logic 0 enables; Data stable 
within 150 nS 
Logic 1 = High Impedance 
Data High Z within 100 nS 


Inhibit (INF) 


Enable Bits 1 to 8 (EM) 


Enable Bits 9 to 16 (EL) 


Resolution and Mode 

Control(A & B) Mode__B _A_ Resolution 

(see notes 1 and 2.) resolver 0 O 10 bits 
1 12 bits 
0 14 bits 
1 16 bits 
0 8 bits 
-5V 10 bits 
-5V 12 bits 
-5V = 14 bits 


LVDT -5V 


Outputs 
Parallel Data (1-16) 10, 12, 14, or 16 parallel lines; 

natural binary angle, positive 

logic (see note 2) 

0.25 to 0.75 [sec positive pulse 

leading edge initiates counter up- 

date. 

Zero Index Logic 1 at all Os [ENL to -5V]: 
LSBs are enabled 


Converter Busy (CB) 


NOTES: 1. Unused data bits are set to logic "0". 
2. In LVDT mode, Bit 16 is LSB for 14 Bit resolution 
or Bit 12 is LSB for 10 Bit resolution. 
3. Accuracy in LVDT mode is 0.15% + 1LSB. 
4.See text for higher tracking rates and carrier frequencies, 
which depend on Rs and Rc selection. 


TABLE 1. 
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PARAMETER 


DIGITAL INPUT/OUTPUT 


(continued) 
Outputs (continued) 


Built-in-Test (BIT) 


Drive Capability 


DYNAMIC 
CHARACTERISTICS 
Resolution 


Tracking Rate (min)(note 4) 


Bandwidth(Closed Loop) 

Ka 

Ai 

A2 

A 

B 

Acceleration (1LSB lag) 

Settling Time(179° step 
VELOCITY 
CHARACTERISTICS 

Polanty 

Voltage Range(Full Scale) 

Voltage Scaling (note 4) 

Scale Factor 

Scale Factor TC 

Reversal Error 

Linearity 

Zero Offset 

Zero Offset TC 

Load 
POWER SUPPLIES 

Nominal Voltage 

Voltage Range 

Max Volt. w/o Damage 

Current 
TEMPERATURE RANGE 

Operating 

-30X 
-20X 


PHYSICAL 
CHARACTERISTICS 
Size: 40 pin DDIP 
28 pin DDIP 
44 pin PLCC 


Weight: 40 pin DDIP 
28 pin DDIP 
44 pin PLCC 


RDC-19220 SPECIFICATIONS _ (continued 


VALUE 


Logic 0 for BIT condition. 

+100 LSBs of error with a filter of 

500 LS, Loss-of-Signal (LOS), or 

Loss-of-Reference (LOR). 

50 pF + 

Logic 0; 1 TTL load, 1.6 mA at 
0.4V max 

Logic 1; 10 TTL loads, -0.4 mA 
at 2.8V min 

Logic 0; 100mV max driving 
CMOS 

Logic 1; +5V supply minus 

100mV min driving CMOS 


Positive for increasing angle 
+4 
Tracking Rate (min) 
10 typ 20max 
100 typ 200 max 
0.75 typ 1.3 max 
0.25 typ 0.50 max 
5 typ 10max 
15 typ 


0 to +70 
-40 to +85 
-55 to +125 
-65 to +150 


2.0 x 0.6 x 0.2 (50.8 x 15.24 x 5.08) 
1.4x 0.6 x 0.2 (35.56 x 15.24 x 5.08) 
0.690 square (17.526) 


0.94 (26.65) 
0.66 (18.71) 
0.5 (14.18 
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THEORY OF OPERATION 


The RDC-19220 series of converters are single CMOS custom 
monolithic chips. They are implemented using the latest IC tech- 
nology which merges precision analog circuitry with digital logic 
to form a complete high-performance tracking resolver-to-digital 
converter. For user flexibility and convenience, the converter 
bandwidth, dynamics, and velocity scaling are externally set with 
passive components. 


Figure 1 is the Functional Block Diagram of RDC-19220 Series. 
The converter operates with t5Vdc power supplies. Analog sig- 
nals are referenced to analog ground, which is at ground potential. 
The converter is made up of two main sections; a converter and a 
digital Interface. The converter front-end consists of sine and 
cosine differential input amplifiers. These inputs are protected to 
+25V with 2kohm resistors and diode clamps to the +5Vdc sup- 
plies. These amplifiers feed the high accuracy Control Trans- 
former (CT). Its other input is the 16 bit digital angle . Its output 
is an analog error angle, or difference angle, between the two 
inputs. The CT performs the ratiometric trigonometric computa- 
tion of SIN@COS®o - COS@SIN®d = SIN(8-) using amplifiers, 
switches, logic, and capacitors in precision ratios. Note: The 
transfer function of the CT is normally trigonometric, but in 
LDVT-mode the transfer function is triangular (linear) and could 
thereby convert any linear transducer output. 


The converter accuracy is limited by the precision of the comput- 
ing elements in the CT. In these converters ratioed capacitors are 
used in the CT, instead of the more conventional precision ratioed 
resistors. Capacitors used as computing elements with op-amps 
need to be sampled to eliminate voltage drifting. Therefore, the 
circuits are sampled at a high rate (67kHz) to eliminate this drifting 
and at the same time to cancel out the op-amp offsets. 

The error processing is performed using the industry standard 
technique for type II tracking R/D converters. The dc error is 
integrated yielding a velocity voltage which in turn drives a voltage 
controlled oscillator (VCO). This VCO is an incremental in- 
tegrator (constant voltage input to position rate output) which 
together with the velocity integrator forms a type II servo feedback 
loop. A lead in the frequency response is introduced to stabilize 


Ra Cew 


RESOLVER 
INPUT 
(8) 


FIGURE 2. TRANSFER FUNCTION BLOCK DIAGRAM #1 
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the loop and another lag at higher frequency is introduced to reduce 
the gain and ripple at the carrier frequency and above. The settings 
of the various error processor gains and break frequencies are done 
with external resistors and capacitors so that the converter loop 
dynamics can be easily controlled by the user. 


TRANSFER FUNCTION AND BODE PLOT 


The dynamic performance of the converter can be determined from 
its Transfer Function Block Diagrams and its Bode Plots (open and 
closed loop). These are shown in figures 2, 3, and 4. The open 
loop transfer function is as follows: 


Open Loop Transfer Function = 


where A is the gain coefficient and A? = A; Ag 
and B is the frequency of lead compensation 


The components of gain coefficient are error gradient, integrator 
gain, and VCO gain. These can be broken down as follows: 


- Error Gradient = 0.011 volts per LSB (CT+Error Amp+Demod 
with 2Vrms input) 


- Integrator gain = CsFs volts per second per volt 
8 gain = 1.1Caw P awe 
1 
- VCO Gain = 125RyCvco LSBs per second per volt 


where: Cs = 10 pf 
Fs = 67 kHz when Rs = 30 kQ 
Fs = 100 KHz when Rs = 20 kQ 
Fs = 1384 kHz when Rs = 15 kQ 
Cvco = 50 pf 


Ry, Ra, and Cpw are selected by the user to set velocity scaling and 
bandwidth. 


VEL 
-VCO 
 50pf _ q 
Cvco | 
| 
vcOo hl UP/DOWN 
COUNTER| | 
+ 1.25V 
THRESHOLD | 
| 
| 


DIGITAL 
OUTPUT 
(9) 
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GENERAL SETUP CONSIDERATIONS 


The following recommendations should be considered when 
hooking up the RDC-19220 Series R/D converters: 


1) Power supplies are +5Vdc. For lowest noise performance it is 
recommended that a 10 fd or larger cap be connected from 
each supply to ground near the converter package. 


VEL OUT 2) Resolver inputs and velocity output are referenced to A GND. 
BnnOr This pin should be connected to GND near the converter pack- 
DIGITAL age. Digital currents flowing through ground will not disturb the 


POSITION analog signals. 
OUT 


(9) 


~~ 


RESOLVER 
INPUT 

(8) — 
The BIT output which is active low is activated by an error of 
about 100 LSBs. During normal operation for step inputs or on 
power up a large error can exist. Connecting the BIT output back 
to the resolution control lines, A and B which would change the 
resolution of the converter down would make the converter settle 
out faster. The converter bandwidth is independent of the resolu- 
tion. 


~~ 


= 


Setup of bandwidth and velocity scaling for the optimized criti- 
cally damped case should proceed as follows: 


- Select foarrier 24 fBw 


For the converter max tracking rate value, 
- Compute Ry = 55kQ x see the row indicated in Table 2. 


Application max rate 


3.2 x Fs (Hz) x 108 


- Compute Caw(pf) = 
Rv x (few)? 


(CRITICALLY DAMPED) 
GAIN = 4 N 


. 2A - Compute Rg = = 


Cew x faw 
OPEN LOOP : 
BW 
- Compute —’ 
5a) For RDC-19222: 
When using the built-in -5V inverter: connect pin 2 to 26, pin 17 
to 22, a 10 wF/10Vdc capacitor from pin 23 (negative terminal) 
to pin 25 (positive terminal), and a 47,F/10Vdc capacitor from 
-5V to GND. The current drain from the +5V supply doubles. No 
external -5V supply is needed. 


CLOSED LOOP 5b) For RDC-19223: 
When using the built-in -5V inverter: connect pin 2 to 22, pin 10 
to 18, a 10 uF/10Vdc capacitor from pin 19 (negative terminal) 
to pin 21 (positive terminal), and a 47F/10Vdc capacitor from 
-5V to GND. The current drain from the +5V supply doubles. No 


external -5V supply is needed. 


FIGURE 4. BODE PLOTS 


Note: The RDC-19220 Series is completely supply/signal se- 
quence insensitive. 
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HIGHER TRACKING RATES AND CARRIER 
FREQUENCIES. 


Tracking rate (nominally 4V) is limited by two factors: Velocity 
voltage saturation and maximum internal clock rate (nominally 
1,333,333 Hz). An understanding of their interaction is essential 
to extending performance. 


The General Setup Considerations section makes note of the 
selection of Rv for the desired velocity scaling. Ry is the input 
resistor to an inverting integrator with a SO pF nominal feedback 
capacitor. When it integrates to -1.25V, the converter counts up 1 
LSB and when it integrates to +1.25V, the converter counts down 
1 LSB. When a count is taken, acharge is dumped on the capacitor, 
such that, the voltage on it changes 1.25V in a direction to bring it 
to OV. The output counts per second per volt input is therefore: 


l 
(Rv x SOpF x 1.25) 


As an example: 
Calculate Ry for the maximum counting rate, ata VEL voltage of 4V. 


For a 12 bit converter there are 2'* or 4096 counts per rotation. 
1,333,333/4096 = 325 rotations per second or 333,333 counts per 
second per volt. 


RV = 339,333 x SOpF x 125) > >< ohms 


The maximum rate capability of the RDC-19220 is set by Rs. 
When Rs = 30kQ ( or is an open circuit) it is nominally 1,333,333 
counts/sec, which equates to 325 RPS (rotations per second). The 
converter maximum tracking rate can be increased 50% in the 16 
and 14 bit modes and 100% in the 12 and 10 bit modes by 
increasing the supply current from 12 to 15mA (by using an 

Rc = 23kQ); and by increasing the sampling rate by changing Rs 
to 20kQ for 16 and 14 bit resolution or to 15kQ for 12 and 10 bit 
resolution. (See Table 2.) 


The maximum carrier frquency can, in the same way, increase 
from: 5 to 10 kHz in the 16 bit mode, 7 to 14kHz in the 14 bit mode, 
11 to 32kHz in the 12 bit mode, and 20 to 40kHz in the 

10 bit mode. (See Table 3.) 
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The maximum tracking rate and carrier frequency for full perfor- 
mance are set by the power supply current control resistor (Rc) per 
the following tables: 


Table 2. ‘Max Tracking Rate: min int rps 


Depending on the resolu- 
aTRETSETE tion, select one of the 
values from this row, for 
on | 1152 | 288 | 72 | use in converter max 
| 20k | | 1728 | 432 | tracking rate formula. 
(See previous page for 
| 15k | formula.) 


<Not Ree 


Carrier frequency should be 1/10, or less, of the sampling frquency 
in order to have many samples per carrier cycle. The converter will 
work with reduced quadrature rejection at a carrier frequency up 
to 1/4 the sampling frequency. Carrier frequency should be at least 
4 times the BW in order to eliminate the chance of jitter. 


REDUCED POWER SUPPLY CURRENTS 


When Rs = 30kQ. , and the tracking is not being pushed, power 
supply current can be cut from 14 to 9mA by setting Rc = 53kQ. 
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TYPICAL INPUTS 
Figures 5 through 8 illustrate typical input configurations. 


EXTERNAL 


Notes: 
1. Resistors selected to limit Vret peak to between 1V and 4V. 
2. If External Reference LO is grounded, then R3 and Ré4 are not 
needed, and -R is connected to GND. 


FIGURE 5. TYPICAL HOOK-UP, 2V RESOLVER, DIRECT INPUT. 


ae: | Soe ee 
R1+R2- X Volt 


R1 + R2 should not load the Resolver too much; it is recommended to 
use a R2 =10k. 


R1 + R2 Ratio Errors will result in Angular Errors, 
2 cycle, 0.1% Ratio Error = 0.029° Peak Error. 


FIGURE 6. TYPICAL HOOK-UP, X- VOLT RESOLVER, DIRECT INPUT. 


E-41 


Coleg Ne RDC-19220 SERIES 


CORPORATION 


Consult factory for input thin-film resistor networks. 


RESOLVER 
INPUT 
R 
, CONVERTE 
= X 2Vrms = Resolver L-L rms voltage 


Rf 2 10k ohms. 


S1 and S3, S2 and S4, and RH and RL should be ideally twisted shielded, with the shield tied to GND at the converter. 
FIGURE 7. DIFFERENTIAL RESOLVER INPUT. 


SIN [ 
Ri 
S10 
Ri +S 


RtV3 
Use precision resistors. \/V | CONVERTER 
a X 2Vrms = Synchro L-L rms voltage 


Rf = 10k ohms. 


S1, S2, and S3 should be triple twisted shielded; RH and RL should be twisted shielded; In both cases the shield should be tied to GND at the converter. 
FIGURE 8. SYNCHRO INPUT. 
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ILC DATA DEVICE 
CORPORATION 


DC INPUTS 


As noted in Table 1 the RDC-19220 will accept dc inputs. It is 
necessary to set the REF input to de by tying +REF to +5V and 
-REF to GND or -SV. 


VELOCITY TRIMMING 


RDC-19220 Series specifications for velocity scaling, reversal 
error, and offset are contained in Table 1. Velocity scaling and 
offset are externally trimmable for applications requiring tighter 
specifications than those available from the standard unit. Figure 
9 shows the setup for trimming these parameters with external pots. 


It should also be noted that when the resolution is changed, VEL 
Scaling is also changed. Since the VEL outputis from an integrator 
with capacitor feedback, the VEL voltage cannot change instan- 
taneously. Therefore, when changing resolution while moving, 
there will be a transient with a magnitude proportional to the 
velocity and a duration determined by the converter bandwidth. 
This transient does not effect postion data. 


RDC-19220 


0.4 Ry (SCALING) 


FIGURE 9. VELOCITY TRIMMING 


RDC-19220 SERIES 


LVDT MODE - 


As shown in Table 1 the RDC-19220 Series units can be made to 
operate as LVDT-to-digital converters by connecting Resolution 
Control inputs A and B to "0", "1", or the -5 volt supply. In this 
mode the RDC-19220 Series functions as a ratiometric tracking 
linear converter. When linear ac inputs are applied from a LVDT 
the converter operates over one quadrant of its range. This results 
in two less bits of resolution for LVDT mode than are provided in 
resolver mode. 


Figure 10a shows a direct LVDT 1Vmms full scale input. Some 
LDVT output signals will need to be scaled to be compatible with 
the converter :nput. Figure 10b is a schematic of an input scaling 
circuit applicable to 3-wire LVDTs. The value of the scaling 
constant "a" is selected to provide an input of 2Vrms at full stroke 
of the LVDT. The value of scaling constant "b" is selected to 
provide an input of 1 Vrms at null of the LVDT. Suggested com- 
ponents for implementing the input scaling circuit are a quad op 
amp, such as a 4741 type, and precision film resistors of 0.1% 
tolerance. 


Data output of the RDC-19220 Series is Binary Coded in LVDT 
mode. The most negative stroke of the LVDT is represented by ALL 
ZEROS and the most positive stroke of the LVDT is represented 
by ALL ONES. The most significant 2 bits (2 MSBs) may be used 
as Overrange indicators. Positive overrange is indicated by code 
"01" and negative overrange is indicated by code "11" (see Table 4). 


+ over full travel 
+ full travel -1LSB 
+ 0.5 travel 


+ 1LSB 
null 
- 1LSB 
- 0.5 travel 
- full travel +1LSB 
- over full travel 
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a RDC-19220 SERIES 


CORPORATION 
& iiss 
AGND 
| -REF RDC-19220 
+ REF 
+G .¢ cos 
FIGURE 10a. 3-WIRE LVDT DIRECT INPUT 
aR 
@ Vs R SIN 
R’ -S 
+S 
& 
R’ 
aR 
2R’ R’ 
7 yy = COs 
Ov - R’ 
2R’ 
+C 
R 
2 °F +REF 
Notes: , V -REF 
1.R 2 10k ohms. 
2. Consideration for the value of R is LVDT loading. 
en 
LVDT A RDC-19220 
OUTPUT INPUT 
2 +S 
ae ae 2V 
Va 2 = Va — Va)max 
1V 
+FS NULL -FS -FS NULL +FS 


Ve SIN =1 +5 (Va- Ve) +C 


COS = 1-5 (Va- Ve) 


FIGURE 10b. 3-WIRE LVDT SCALING CIRCUIT 
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INHIBIT, ENABLE, and CB TIMING 


The Inhibit (INH) signal is used to freeze the digital output angle in 
the transparent output data latch while data is being transferred. 
Application of an Inhibit signal does not interfere with the con- 
tinuous tracking of the converter. As shown in figure 11, angular 
output data is valid 300 nanoseconds maximum after the application 
of the negative inhibit pulse. 


Output angle data is enabled onto the tri-state data bus in two bytes. 
Enable MSBs (EM) is used for the most significant 8 bits and Enable 
LSBs (EL) is used for the least significant 8 bits. As shown in 
figure 12, output data is valid 150 nanoseconds maximum after the 
application of a negative enable pulse. The tri-state data bus returns 
to the high impedance state 100 nanoseconds maximum after the 
rising edge of the enable signal. 


The Converter Busy (CB) signal indicates that the tracking con- 
verter Output angle is changing 1 LSB. As shown in figure 13, 


output data is valid 150 nanoseconds maximum after the middle of 
the CB pulse. CB pulse width is 40 Fs, which is nominally 375nsec. 


INHIBIT | | 


oe |«- 300ns max 


TN MMe 


FIGURE 11. INHIBIT TIMING 


ENABLE | | 
| |< 150ns max 
at 7 100ns max 


FIGURE 12. ENABLE TIMING 


DATA HIGH Z 


>| Le 1/40 Fs 
(375 nsec nominal) 


DATA DATA 
DATA VALID VALID 


FIGURE 13. CONVERTER BUSY TIMING 


RDC-19220 SERIES 


ENCODER EMULATION 


The RDC-19220 can be made to emulate incremental optical 
encoder output signals, where such an interface is desired. This is 
accomplished by tying EL to-5V, whereby CB becomes Zero Index 
(ZI) Logic 1 at all Os, the LSB becomes A, and the exclusive-or of 
the LSB and next-to-LSB become B emulating A QUAD B signals 
as illustrated in figure 14. 


CB (Zl) 


LSB +1 


FIGURE 14. INCREMENTAL ENCODER EMULATION 


TYPICAL -5V CIRCUITS 


Since the 28 and 40 pin DDIP RDC-19220 and RDC-19221 do not 
have a pinout for the -5V inverter, it may be necessary to create a 
-5V from other supplies on the board. Figure 15 illustrates several 
possibilities. 


3 TERMINAL 
NEGATIVE REGULATOR 


10.2V 
ZENER 
5.1V 
7 r ZENER 
12> 5 45 
6.8V 
ZENER 


FIGURE 15. TYPICAL -5V CIRCUITS 
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TABLE 5. PIN OUT (40 PIN) RDC-19220 2 
| # |NAME| DESCRIPTION _| # | NAME| DESCRIPTION 
| 1 [A [Resolution Control _| 40 | +5V_ | PowerSupply _| 


S| Resolution Control ial ae Enable LSBs 
see note 
INH | Inhibit === sf 8 Biti6 [LSBs 


REF ae 
|-REF | -Reference Input «| 36 | Bitis | 
peered 
ees 


+ 


|VEL | Velocity Output | 33 [Bite | 
92 | 


Signal Input Bit 5 | 
ISIN [S 
Signal Input 27 
|-5V__| PowerSupply _——_—| 26 | Bit 10 _ 

Bit 2 | 
Bit_9 | 
BIT | 


+ 


[Rs | SamplingSet__—| 25 | 
[Ro | CurrentSet_ | 24 
[EM _|EnableMSBs_ | 23 | Bi 
Note: 

When -5V is applied to pin 39 (EL), Converter Busy (CB) becomes 
Zero Index (ZI). 


_ 
N 


- ee eee soe oe pe <== 


| TABLE 7. PIN OUT (44 PIN) RDC-19222__| 
| # | 


1. When -5V is applied to pin 1 (EL), Con- 
verter Busy (CB) becomes Zero Index (ZI). 
2. When using the built-in -5V inverter: con- 
nect pin 2 to 26, pin 17 to 22, anda 10 
pF/10Vde capacitor from pin 23 (negative 
terminal) to pin 25 (positive terminal). Con- | 
nect a 47 uF/10Vde capacitor from -5V to 
GND. The current drain from the +5V supp- 
ly doubles. No external -5V supply is 
needed. _ 
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5. Pl 


NAME | # | NAME | 
| Bf ap JA 
) 2 |iINH | 27 |45V 
| 3 |+REF | 26 |EC 
| 4 |-REF | 25 | Bits8/16(LSB) 


OUT (28 PIN) RDC-1922 


| 5 |-vco_ | 24 |Bits7/15 
| 6 |-vSuM | 23 |Bits6/i4 
| 7 [VEL | 22 |Bits5/13 
(8 [4c | 21 |Bitsai2 
| 9 14S | 20 [Bitsa/it 
| 10 |-5v | 19 |Bits2/io sd 
| 11 |Rs | 18 | Bits 1(MSB)/O 
| 12 [Ro [17/CcB 
| 13 [EM | 16 |BIT SC Cd 
114 [AGND [15 [GND 
| Note: 


When -5V is applied to pin 26 (EL), Con- 
|__verter Busy(CB) becomes Zero Index (ZI). 


it 16 (LSB 


| 39 | Bit 8 


p14 
| 15. 
| 16 


1. When -5V is applied to pin 1 (EL), Converter 
Busy (CB) becomes Zero Index (ZI). 

2. When using the -5V inverter: connect pin 2 to 22, 
pin 13 to 18, and a 10 yF/10Vde capacitor from pin 
19 (negative terminal) to pin 21 (positive terminal). 
Connect a 47 wF/10Vdc capacitor from -5V to 
GND. The current drain from the +5V supply 
doubles. No external -5V supply is needed.. 

3. Signal inputs are single-ended. 


an RDC-1 9220 SERIES 


CORPORATION 


2.035 - 2.065 (40 PIN) 
(51.651 - 52.451) 
1.430 - 1.480 (28 PIN) > 


(36.322 - 37.592) Pin 1 
All dimensions are in inches (mm). a 5 
0.520 - 0.560 
(13.208 - 14.224) 
PIN 1 
0.150 - 0.250 
0.015 - 0.075 foot =608) 
(0.381 - 1.905) 4 0.120 - 0.160 
(3.048 - 4.064) 
0.008 - 0.015 
(0.203 - 0.381) —» | 
0.580 - 0.695 = | 
(14.732 - 17.653) 0.090 - 0.110 0.012 - 0.025 
(2.286 - 2.794) (0.305 - 0.635) 


_| |< 0.030 - 0.070 
(0.762 - 1.778) 


FIGURE 16. RDC-19220/RDC-19223 (40 PIN DDIP) AND RDC-19221 (28 PIN DDIP) MECHANICAL OUTLINE 


0.045 x 45° CHFR PIN 1 IDENTIFIER 0.170 NOM 


(1.143) 0.149 NOM (4.318) 
=e} Le 0.050 NOM A2-799) 
| Fe (1.270) 
| 0.045 x 45° CHFR —», 
0.325 
(8.255) 0.230 d 


(1.143) 


0.690 SQ. NOM (5.842) 
(17.526) | 4 a 620 SQ. NOM 
d h 0.026 NOM (15.748) 
0.650 SQ. NOM p (0.660) 
(16.510) 
0.072 NOM, 0.015 NOM 0.021 NOM 
0.010 x 45° CHFR (3) (1.829) (0.381) + (0.533) 
(0.254) 
0.088 NOM 0.098 NOM 
All dimensions are in inches (mm). (2.235) (2.489) 


FIGURE 17. RDC-19222 (44 LEAD PLCC) MECHANICAL OUTLINE 


ORDERING INFORMATION 
RDC- 19220 - e 
Accuracy: 
1 =8 min+ 1 LSB (0 to +70°C only) 
2=4min+1LSB 
3=2min+1LSB 
Reliability: 
0 = standard DDC procedures 
2 = 168 hour burn-in at 
125°C (-55 to +125°C only) 
Operating Temperature Range: 
1 = -55 to +125°C 
2=-40to +85°C 
3= Oto +70°C 
Package: 
0 = 40 pin DDIP* 
1 = 28 pin DDIP ceramic 
2 = 44 pin PLCC 
3 = 40 pin DDIP* with 5V-only option 


“plastic for -20X and -30X 


Consult factory for input thin-film resistor networks. 
B 
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REF-15001 SERIES 


DESCRIPTION 


The REF-15001 Series provides refer- 
ence excitation for synchros, resol- 
vers and Inductosyns in systems 
where an AC reference is not readily 
available. Pin programmable _ for 


three different voltage levels, 11.8V, 
4.4V, and 2.0V, the unit can be used 
with a wide variety of standard syn- 
chros, resolvers or Inductosyns. The 
output is fully protected against over 
current, short circuits and voltage 
transients. With a choice of 2.5 KHz 


SYNCHRO 
OR RESOLVER 
/ 
vA 
/ 
/ 
/ 
j 
rs 
Le. 
MECHANICAL 
ANGLE INPUT 
+15V a =e 
REFERENCE 
OSCILLATOR 
rn, REF-15001 
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SYNCHRO/RESOLVER/INDUCTOSYN 
REFERENCE OSCILLATOR 


or 10 KHz frequencies, the REF- 
15001 Series can be used in high 
speed servo systems requiring good 
dynamic response. 

Able to drive up to 6 synchro/resol- 
ver/Inductosyn and converter pairs, 
the unit is ideally suited to computer 
controlled servos and programmable 
controllers found in_ robotics, 
machine control, and motor control 
applications. 


FEATURES 


@ DRIVES UP TO 6 RESOLVERS, 
SYNCHROS OR INDUCTOSYNS 


@ 2.5 KHz OR 10 KHz FOR HIGH 
SPEED APPLICATIONS 


@ 77.8V, 4.4V OR 2.0V OUTPUT 


® FULLY PROTECTED CUTPUT 


@ 75 VDC OPERATION 


@ NO TRIMS OR ADJUSTMENTS 


SYNCHRO 
R 
OR RESOLVE DIGITAL 
CONVERTER OUTPUT 
RDC-191XX 
+ 15V 


FIGURE 1. BLOCK DIAGRAM 


BOG 


ILC DATA DEVICE 
CORPORATION 


SPECIFICATIONS 


Apply over temperature and power supply ranges 


FREQUENCY 


REF-15001 
REF-15002 


OUTPUT 


Voltage 
+Rto-R 
+Rto —GND (4.4 tied to +R) 
+R to —GND (2.0 tied to +R) 
DC Offset 
Capacitive Load 
Current 
Protection 


Quadrature Reference 


POWER SUPPLIES 


Voltage 
Current 
No Load 
Full Load 
Maximum Voltage 
(without damage) 


TEMPERATURE RANGE 


Operating 
Storage 


PHYSICAL CHARACTERISTICS 
Size 


Weight 


INDUCTOSYN 
SCALE 


REF-15002 
+R 
OSCILLATOR 
=f 


Q 


+15V 15V 


VALUE 


2.5 KHz+10% 
10 KHz+ 10% 


11.8V rms +10% 

4.4V rms +10% 

2.0V rms +10% 

+20mV, max 

0.1 uF, max 

110 mA, max 

Overcurrent, short circuit and 
voltage transient 

12Vrms +10% at 1.0 mA 


+15VDC, +5% 


50 mA 
160 mA 


+18VDC 


0°C to+ 70°C 
=55°Cto +129°C 


1.52x 1.78x 0.35 in. 
(39 x 45 x 9.mm) 
0.9 .0z,(25.5 gm) 


INDUCTOSYN 
SLIDER 


REF-15001 SERIES 


TECHNICAL INFORMATION 
SYNCHRO/RESOLVER APPLICATIONS 


The REF-15001 is designed for use with most common 
synchros, resolvers and converters operating with 
11.8V, 4.4V, or 2.0V references at 2500 Hz. It can drive up 
to 110 mA. It is not intended for use in torque repeater/in- 
dicator applications. 


A typical interconnection is shown in Figure 1. No trims 
or adjustments are required. Output voltage levels are 
pin programmed as specified in Table 1. 


TABLE 1 OUTPUT PROGRAMMING 


JUMPER 
ATPINS CONNECTIONS 


REFERENCE 
OUTPUT VOLTAGE 


11.8V rms 
4.4V rms 
2.0V rms* 


+Rto—-R None 
+Rto GND Pin4.4to+R 
+Rto GND Pin2.0to +R 


*Recommended for Inductosyn Applications 


The 11.8V rms output is intended for use with resolvers 
having a 1:1 transformation ratio and operating into a 
converter requiring a 11.8V L-L input. The 4.4V rms out- 
put is intended for use with synchros or resolvers having 
a transformation ratio of 26:11.8 and operating into a di- 
rect input converterrequiring2.0VL-Linput.The 2.0V rms 
output is for use with resolvers having a 1:1 transforma- 
tion ratio and operating into a converter requiring a 2.0V 
L-L input. 


SHIELD IF DIFFERENTIAL AMP 
NOT MOUNTED ON SLIDER 


rh CHASSIS GROUND 


ale CIRCUIT GROUND 


| PARALLEL 
| DATA 
OUT 
| DUAL 
MATCHED INDUCTOSYN 
ae TO DIGITAL 
| DIFFERENTIAL | 2V rms per nin 
| 7S“ AMPLIFIER 
(INH) INHIBIT 
| (SEE FIGURE 3) 
(CB) 
INCREMENTAL 


XDC-191XX (U) OUT 
OR 


IDC-35300 


(VEL) ANALOG VELOCITY 


* R1 is the current set resistor. 
Its value is dependent upon the 
current required by the scale. 


FIGURE 2. TYPICAL INDUCTOSYN CONNECTION. 
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SOG REF-15001 SERIES 


CORPORATION 


INDUCTOSYN APPLICATIONS MECHANICAL OUTLINE 


The REF-15002 can drive up to 110 mA and is designed 
for use with Inductosyns operating at 10 KHz. It is recom- 
mended that the unit be suitably programmed as indi- 
cated in Table 1 for the correct current level required for 
the specific Inductosyn. A typical interconnection is 
shown in Figure 2. No trims or adjustments are required 
on the converter. Note the Inductosyn is driven from the 10 : 
+R and —R pins while the converter reference is taken ee ss -_ 
from the Q pin. This is a 12V rms, 1 MA output in quadra- 
ture with +R and —R and is correctly compensated for the 
phase shift of Inductosyns. Figure 3 illustrates the circuit 
needed between the inductosyn slider and the converter. 


iB ry 
(MAX) 


.040+.0015 


1.78 (1.0)(TYP) 
(45.2) 
AX) 


RA2 ci RAI RA2 


+ 
RAI 
.625 +.010 
fs (15.9+0.25) .25 (MIN) 
: 1.250+.010 -| (6.3) 
TBO RAI (31.7+0.25) 4. 52 
(38.6) 


(MAX) Note: Dimensions are in inches (millimeters) 
BOTTOM VIEW 
BAS G 1515 = - + ia 
= Foe a om ORDERING INFORMATION 
oINPUT. - *OOTPUT REF-1500X-300 
. 7 - ee Temperature Range 
nL (operating): 
_ : a 3=0°C to +70°C 
7 Rat Options: 
1=2.5 KHz 
2=10 KHz 
PARTS LIST 
HARRIS HA4605-5 
BECKMAN 698-3-R330D 
NS alacila eneenete The information provided in this Data Sheet is believed to 
1 uf 35VDC be accurate; however, no responsibility is assumed by ILC 


TBD (NOT USUALLY NEEDED) 


Data Device Corporation for its use, and no license or rights 
are granted by implication or otherwise in connection 


NOTES: 1. For other input levels select RA1 and RA2 as required. Standard values are: ; ree ' : ; 
100, 200, 330, 470, 500, 1K, 2K, 2.2K, 4.7K, 5K, 10K, 15K, and 20KQ2. therewith. Specifications are subject to change without 
2. For lower input levels use Harris HA-4625-5 notice. 


FIGURE 3. DUAL MATCHED DIFFERENTIAL AMPLIFIER 
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DESCRIPTION 


The REF-15003 and REF-15004 area 
family of modular 15VA power oscil- 
lators. They are digitally program- 


mable for frequency and voltage level 
or by pin strapping, and ac mains supply 


the operating power. 


APPLICATIONS 
With their high reliability, low cost, 


and accuracy the REF-15003 and REF- 
15004 are perfect for many synchro and 


SYNCHRO 


OR RESOLVER 


, rn 


Mechanical 
Angle Input 


RH RL 


115Vac—p| REFERENCE 


OSCILLATOR 
REF-15003/04 


REF-15003/04 


15VA PROGRAMMABLE 
REFERENCE POWER OSCILLATOR 


Advance Information 


resolver based systems that require high 
voltage and power. Furthermore, be- 
cause of their ability to generate the 26 
volts and 115 volts at400Hz, commonly 
found in military aircraft and shipboard 
systems, they are ideal for automated 
test and simulation system use. Other 
uses for this flexible oscillator include 
reference source for industrial resolver 
based encoding systems, incoming and 
production test set-ups, and as a 
laboratory synchro/resolver/induc- 
tosyn/LVDT/RVDT reference. 


Features 


® Programmable Voltage and Fre- 
quency 


® REF-15003: 
0 to 26 volts, 
360 to 10kHz 


© REF-15004: 
0 to 115 volts, 
360 to 2kHz 


15VA Output 


115/230 Vac, 47 to 63Hz Input 


9/D CONVERTER, 
R/D CONVERTER, 


OR 
TEST EQUIPMENT 


DIGITAL 
OUTPUT 


FIGURE1. BLOCK DIAGRAM FOR DRIVING SYNCHRO OR RESOLVER 
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CORPORATION 


ORDERING INFORMATION 
: at ADAM Consult factory 
O UTPUT(OUT/GND) 
Power 
Voltage 
w REF-15003 
w REF-15004 
w Accuracy 
Frequency 
w REF-15003 
w REF-15004 
w Accura 
DIGITAL INPUT 
Logic Type 
Inputs 
w Logic 0 
w Logic 1 
w Loading 
w Data Bits (BO-B7 _ 
mw Magnitude/Frequency Select (M/F) 
@ Hold/Write (H/W) 
w M/F Select to Write Setup Time (tas) 
= Data Valid to Write Setup Time (tds) 
w M/F Select to Write Hold Time (tah) 
@ Data Valid to Write Hold Time (tdh) 
w Write Pulse Width (ty 
DIGITAL OUTPUT 
BIT 


8-bit binary word, BO=LSB, B7=MSB 
Logic 1= volt. magnitude, Logic 0 = freq. 
Logic 1=hold, Logic O= write or transparent 
300 min. (see figure 2) 

300 min. (see figure 2) 

20 min. (see figure 2) 
20 min. (see figure 2) 
300 min. (see figure 2 


Logic 1= normal operation, 
Logic O= volt. output overcurrent indicator 


MAGNITUDE SELECT 
Digital Control 
Resistor Control 

mw Resistor Value 

FREQUENCY SELECT 


connect M to MD 

connect M to MR 
=((V : x8 

Digitally controlled per above, or 

hardwired DO - D7 to: GND for logic 0; or 

Vdd for logic 1 (with M/F wired to Vag and 

H/W wired to GND 


POWER INPUT CHARACTERISTICS 


Voltage V 115/230 
Frequency Hz 47-63 
Current 
w No Load mA rms 50/25 max. 
w Load mA rm 10/5 per VA out 
TEMPERATURE RANGES 
Operating we: —40 to +85 
Storage "6 -55 to +125 
PHYSICAL CHARACTERISTICS 
Size in(cm) 6x3 x 1.4 (15.24 x 7.62 x 3.56) 
VeIgn O( KG > max . 


DATA IN (BO-B7) 


| Ya 


| 
! | 
| 


| 
| 


A FIGURE 2. WRITE CYCLE TIMING DIAGRAM 
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SO SDC-361 /362 


CORPORATION 


16 BIT TWO-SPEED S/D AND R/D CONVERTER 
Single Module with Internal Transformers 


FEATURES 
®@ ACCURACY: +1 LSB = 20 seconds 


@ SIGNAL AND REF INPUTS: 
Internal transformer isolation 
Broadband input: 350—3000 Hz 

or 47—3000 Hz 
All common L-L voltage levels 


DESCRIPTION APPLICATIONS 


The SDC-361 is a low-cost, single module The SDC-361 may be used wherever 
synchro to digital and resolver to digital analog angle data from 1 and 36 speedt 
tracking converter. A unique control synchros or resolvers must be converted 
transformer algorithm is used that rapidly and accurately to digital form 
provides inherently higher accuracy and for transmission, storage or analysis. 
jitter-free output. Other features include Because these units are extremely 
a BIT logic signal to indicate proper rugged and stable, and meet the require- 
tracking and an analog velocity output. ments of MIL-STD-202E, they are suit- 
Utilizing a type Ii servo loop, these able for the most severe industrial, 
converters have no velocity lag up tothe commercial and military applications. 
specified tracking rate, and output data Military ground support and avionics 
is always fresh and continuously avail- uses include ordnance control, radar 
able. Each unit is fully trimmed and tracking systems, navigation and col- 
requires no adjustments. lision avoidance systems. 


e LOGIC: 
TTL compatible 
16 bit parallel binary angle output 


Converter Busy, Inhibit and BIT 


e POWER REQUIRED: | 
+75V DC and t5V DC 


t All references to 1 and 36 speed apply to SDC-361. SDC-362 is 1 and 18 speed. 


SPECIFICATIONS 
Apply over temperature range, power supply range, reference frequency range, +10% signal & reference amplitude variation, and up to 10% harmonic distortion 
in the reference. 

PARAMETER PARAMETER 


ACCURACY Input Rate for Full Accuracy 


SDC-361 Options H, M, L (400 Hz) O0—1000° /sec minimum 
SDC-362 Option | (60 Hz) O0—250° /sec minimum 


Acceleration for 1 LSB Lag 
Options H, M, L (400 Hz) 384° /sec? typ 
Option | (60 Hz) 23°/sec? typ 


SIGNAL AND REFERENCE INPUT 
Synchro Input® Signal Frequency Signal Input impedance 
(L-L Balanced, Resistive) 
90V L-L, 400 Hz (Option H) | 350-3000 Hz 148 KQ min 
90V L-L, 60 Hz (Option }) 47-3000 Hz 148 KQ min 
11.8V L-L, 400 Hz (Option L)} 350—3000 Hz 19 KQ min 


Settling Time 
For Normal Tracking 
(Up to Specified Input Rate) | No lag error 


° 
Resolver Input* For 179° Step Change 


9OV L-L, 400 Hz (Option H) | 350-3000 Hz | 148K min (Typical Values) 
26V L-L, 400 Hz (Option M) | 350-3000 Hz | 42K min Options H, M, L (400 Hz) 


11.8V L-L, 400 Hz (Option L)| 350-3000 Hz 19KQ min Settling to 1 LSB S00 mse 
Settling to Final Value 480 msec 


Option 1 (60 Hz) 
Settling to 1 LSB 1400 msec 
Settling to Final Value 1800 msec 


Reference Input’ Reference Ref. Input Impedance 
Voltage Range (Resistive) 
Options H, | 40-—150V rms 300 KQ min 


Options M, L 10—50V rms 80 KQ min 
Velocity Constant (Type |! 


"Transformer isolated. Other voltages and frequencies available on special order. Servo Loop) 


DIGITAL INPUT/OUTPUT Acceleration Constant 
Logic Type Options H, M, L (400 Hz) Ka = 70,000 nominal 
TTL Option | (60 Hz) Ka = 4,300 nominal! 
Inhibit Input (INH) Logic ‘’O” inhibits 
Loading 0.2 Std. TTL loads plus 18 KQ min POWER SUPPLIES 
pull-up resistor to +5V supply Nominal Voltage +15V Supply —15V Supply |{+5V Logic Supply 
Outputs Voltage Range +11 to +16.5V | —11 to —16.5V}+4.5 to +5.5V 
16 Parallel Data B:ts Natural binary angle; positive logic Max. Voltage Without Damage +18V 
Converter Busy (CB) 1—2.5ysec positive pulse Current 
data changes on leading edge Typical 10 mA 
Drive Capability 2 Std. TTL loads (5 Std. load Maximum 15 mA 
Capability available on special 
order — consult factory) TEMPERATURE RANGES 
Bit (Built In Test) Logic O = normal tracking Operating 
Logic 1 = not tracking within fine speed range —1 Option —55°C to +105°C 
—3 Option 0°C to +70°C 
ANALOG VELOCITY OUTPUT Storage —55°C to +125°C 
Scale Factor +1.0V DC +30% for 100 /sec at 400 Hz 
+1.0V DC +30% for 25 /sec at 60 Hz PHYSICAL CHARACTERISTICS 
Range +10V DC min Size (Encapsulated Module) 3.125 x 2.625 x 0.82 inch (79.4 x 66.7 x 20.8mm) 
Loading +10 KQ max Weight 7 oz (200 g) 
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CORPORATION 
SIN (6-9) 
STICKOFF 
SIN 36 (0-9) 
36X S1 SIN 360 i 
SCOTT.T CONTROL Sens CUE REFERENCE pi 
oe oe | CS ITRANSF edie ner 
TRANSFORMER ORMER| ~2¥_| ISOLATION 
PLT a am ii ao DETECTOR SAANSEDEMER RL INPUT 


36X OR 1X RESOLVER INPUT OPTION: 


ERROR PROCESSOR VEL VELOCITY 


AND VOLTAGE 


$1 


RESOLVER 
de entra =e ISOLATION CONTROLLED INH INHIBIT 
“ TRANSFORMER OSCILLATOR CB CONVERTER 
S4 BUSY 


DIGITAL OUTPUT © 
BITS 1 to 16 


UP-DOWN COUNTER 
(CONTAINS ANGLE @) 


1X $1 SCOTT-T CONTROL SIN (0—(+2.5 ) 
ah S2 TRANSFORMER |__| TRANSFORMER CONTAINS 2.5 
a cos 6 cT ANGLE OFFSET 


NOTE: Block Diagram Illustrates SDC-361. All References to 36x" are ‘'18x"’ for SDC-362. 
BLOCK DIAGRAM 


TECHNICAL INFORMATION DIGITAL OUTPUTS 


INTRODUCTION ian outputs are low power Schottky and they can drive remote 


The operation of a two-speed S/D is essentially the same as a 
single speed except there are two control transformers (CT) | The BIT logic output is a built in test derived from the crossover 
which generate two error voltages. These two CTs are fed by a | getector. It goes to logic 1 whenever the digital output is not 


common up-down counter with the counter data multiplied by tracking the input signal within the range of the fine speed syn- 
36 for the fine speed CT. chro or resolver 


Assuming an off-null condition, as when the system is first 


energized, the crossover detector feeds the coarse (1X) CT 
error signal output to the demodulator and error processor. The 
converter seeks a null as it would for a single speed S/D. As null 
is approached (to within 2.5° nominally) the coarse CT output 
drops below a preset threshold and the crossover detector then 


10,800 


switches the fine (36X) CT error signal into the demodulator 5,400 
and error processor.’Since the counter angle @ is multiplied by 2,700 
36, the gradient of the fine speed CT is 36X the coarse (1X) CT 1,350 
output. The servo loop then is able to seek an even finer null, 675 
using the fine speed CT error signal. The converter will continue 337.5 
to use the fine error signal for continuous tracking, switching 108.75 
back to the coarse signal only when the coarse error exceeds the 84.38 
crossover threshold. In order to eliminate false stable nulls of 42.19 
180 an angle offset and stickoff voltage are introduced in the 1.09 
coarse channel. 10.55 
The +15V power supplies can vary over their specified ranges 5.27 
with no change in the converter specifications except for a 2.64 
proportional change in the maximum + tracking rates. When 1.32 
testing or evaluating the converters, it is advisable to limit the .66 


current to each of the three power supplies. Set each limit to wo 
50% greater than the maximum current listed for that supply in 


the specifications table. 


BIT WEIGHT TABLE 


TIMING 


Whenever an input angle change occurs, the converter changes 
the digital angle in steps of 1 LSB, and generates a converter 
busy pulse (CB). The output data change is initiated at the 
leading edge of the CB pulse, and the output is stable within 
*SDC-362 is (18x) where all references to (36x) occurs in text |0.2usec after the leading edge. Extra CB pulses will not occur if 
and diagrams. the input angle changes while the counter is locked by the INH. 


To prevent damage to the input transformers, the maximum 
voltage should not exceed the specified input voltage by more 
than 30%. The maximum common mode voltage (DC plus 
recurrent AC peak) should not exceed 500V. 
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iLC DATA DEVICE 
CORPORATION 


The simplest method of interfacing with a computer is to trans- 
fer data at a fixed time interval after the inhibit is applied. The 
converter will ignore an inhibit applied during the ‘‘busy”’ inter- 
val until that interval is over. Timing is as follows: (a) apply the 
inhibit, (b) wait O.2usec, (c) transfer the data, and (d) release 


the inhibit. 
a 5.Sus MIN a 
a DEPENDS ON dé 
CONVERTER ah mM dt mM 
BUSY (CB) ‘0’: 
—>| a— 1-2u5 | | 
INHIBIT ’ | 
(INH) = “O"-—} | 
| 


| | | 
DATA ae 0.2us | | 
VALID a ———— a 
VALID —> 
TIMING DIAGRAM 


ANALOG VELOCITY OUTPUT 


VEL is a DC voltage proportional to the angular velocity d@/dt = 
d¢/dt. The output is derived from an op-amp with low output 
impedance and is short circuit proof. Other characteristics are 
listed in the specifications table. 


DYNAMIC PERFORMANCE 


A Type II servo loop (Ky = ©) and very high acceleration con- 
stants give these converters superior dynamic performance, as 
listed ,in the specifications. If the power supply voltages are not 
the +15 VDC nominal values, the specified input rates for full 
accuracy will increase or decrease in proportion to the fractional 
change in voltage. The +15V supply voltage will determine the 
positive maximum velocity, and the —15V supply voltage will 
determine the negative maximum velocity. 


So long as the maximum tracking rate is not exceeded, there 
will be no lag in the converter output. If a step input occurs, 
as is likely when the power is initially turned on, the response 
will be critically damped. After initial slewing at the maximum 
tracking rate of the converter, there is one overshaot which is 
inherent to a Type II servo. The overshoot settling to final 
value is a function of the small signal setting time. 


OVERSHOOT 


Q, 
TIME CONSTANT = 5.4 ms 


oe 
: | Late SIGNAL SETTLING 


MAX SLOPE EQUALS 
TRACKING RATE (SLEW RATE) 


RESPONSE TO A STEP INPUT 


The loop dynamics of DDC’s tracking S/D converters are des- 
cribed by the unity feedback configuration shown. The closed- 
loop transient response is nominally critically damped, and all 
loop dynamics can be determined from the diagram and formulas 
given. 


SDC-361/362 


DIGITAL 


INPUT UNITY FEEDBACK OUTPUT 

At 60 Hz At 400 Hz 
2/2 2, 

66 (33 + 1) 266 (73371) 

G = Ss G = a -e 
272 Doe 

S (335 * 1) S (7330° | 

S/D CONVERTER LOOP DYNAMICS 
ACCURACY TESTS 


Because of the high accuracy of DDC’s S/D converters, only 
laboratory-grade synchro or resolver substitution boxes or 
standards should be used. If synchro standards are not available, 
arrangements may be made to witness the final source inspec- 
tion at the DDC factory. 


The figure below shows how to arrange test equipment for 
measuring the accuracy of S/D converters. A separate lamp 
driver or suitable readout is required for each of the output 
data lines. The synchro standard is set to any desired test 
angle, and the lamps which are on are added according to their 
bit weights and compared with the test angle. 


AMP DRIVER 


S/O OR R/O 

CONVERTER 
BEING 

TESTED 


SYNCHRO/ 


RESOLVER 
STANDARD LAMP DRIVER 
(SINGLE SPEED 


OR TWO SPEED) 


RESOLVER 
INPUT 


ACCURACY TEST CIRCUIT 
PRINTED CIRCUIT BOARD MOUNTING 


When mounting a converter on a printed circuit board, it is 
very important to keep logic-level signals as far away from the 
AC and power signals as possible. Under no circumstances 
should AC or power pins be adjacent to data pins at the con- 
nector. It is also prudent to keep the AC and power pins 
separated from each other. The intent is to make it impossible 
to short logic inputs/outputs to AC or power pins with scope- 
probes, etc. 


It is strongly recommended that circuit layouts be designed in 
such a way that plated through-holes are not required when 
mounting hybrid or discrete modules. If all lands connecting 
to pins are located on the opposite (dip) side of the PC board 
from the module, there will be no risk of destroying a pin con- 
nection by ripping out the plated through-hole connection if 
the module has to be removed. It will also be much easier to 
unsolder a module without damaging it. 
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MECHANICAL OUTLINE ae ae 
2.625 + .015 . mm 
pean inches (66.7 mm + 0.4) (MIN) (MAX) 


S4 PINS ON 
RESOLVER 


+ NOTE UNITS ONLY 


+ 
e8ee 
x KK 
Beer 


+ 
DD 
xr 


e 16 SOC-361 
e158 OR 


28 SPACES @ 
e114 RDC-361 


L628 


++++++ +O OOeo+rt+e+OO++ +00 € @ 


-100 + .010 = 2.600 
(2.5 mm + 0.3 = 66.0) 
(TOL. NONCUM.) 


x KK 


-100 (2.54 mm) 


| 
| 
3.125 + .015 
(79.3 mm + 0.4) 
| 
| 
(TYP) 


.262 + .020 
(6.7 mm + 0.51) 


.025 + .001 (0.6 mm + 0.03) 
SQUARE PIN 
(TYP) 


-162 + .020 


2.300+.010  _ le 
(4.1 mm + 0.5) 


(58.4 mm + 0.3) 
BOTTOM VIEW 

NOTES: 

All reference to 36x become 18x on model SDC-362 

. Pin labels on bottom view are for reference only. 

. All dimensions shown are in inches. 

. Pin material meets solderability requirements of MIL-STD-202E, Method 208C. 

. Case material is glass filled Dially! Phthalate per MIL-M-14, Type sdg-F. 


. Pins S4 are present on resolver units only. 


Oo OhWN 


ORDERING INFORMATION 
SOC — 361 —H —1 


Temperature Range: 
1 = —55°C to +105°C 
3=0°Cto+70°C 


Signal Input Voltage and Frequency: 
H = 90V L-L, 400 Hz (Synchro or Resolver) 
| =90V L-L, 60 Hz (Synchro only) 
M = 26V L-L, 400 Hz (Resolver only) 
L = 11.8V L-L, 400 Hz (Synchro or Resolver) 


Speed: 
361 = 1 x 36 Speed 
362 = 1 x 18 Speed 


Input Type: 


SDC = Synchro 
RDC = Resolver 
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SDC-630/632/634* 


10, 12 OR 14 BIT S/D OR R/D CONVERTER 
Low Profile; Internal Transformers 


DESCRIPTION 


The SDC 630, 632 and 634” series are 
low cost, low profile synchro to digital 
and resolver to digital tracking con- 


APPLICATIONS 


These converters may be used wher- 
ever analog angle data from a synchro 
or resolver must be converted rapidly 
form for 


FEATURES 


STANDARD LOW PROFILE 
CONVERTERS WITH OPTIONAL 
VELOCITY OUTPUT 


ACCURACY: 
IO BIT: +21 MINUTES 
12 BIT: +8.5 MINUTES 
14. BIT: +4MIN +0.9LSBOR 
+2.6 MIN (HIGH 
ACCURACY) 


SIGNAL AND REF INPUT: 
INTERNAL TRANSFORMER 
ISOLATION 
ALL COMMON L-L LEVELS 
AND FREQUENCIES 


verters with standard pinconfigurations. and accurately to digital e LOGIC: 

They use a unique control transformer transmission, storage or analysis. Be- TTL COMPATIBLE 

algorithm that provides inherently cause these units are extremely rugged PARALLEL BINARY ANGLE 
higher accuracy and jitter-free output. and stable, and meet the requirements OUTPUT 

Utilizing a type II servo loop, these of MIL-STD-202E, they are suitable CONVERTER BUSY AND 
converters have no velocity lag up to. for the most severe industrial, com- INHIBIT 

the specified tracking rate and output Mercial and military applications. 

data is always fresh and continuously Military ground support and avionics| POWER REQU/RED: 


available. Each unit is fully trimmed 
and requires no adjustments or calibra- 
tions in the field. 


uses include ordnance control, radar 
tracking systems, navigation, and colli- 
sion avoidance systems. 


+15V DC AND +5V DC 


* 
Patented 
INPUT OPTIONS VEL 
VELOCITY 
RH REFERENCE on (OPTIONAL) 
SYNCHRO INPUT OPTION ISOLATION SeCouLaTGE NE wn 
RL TRANSFORMER nee 
CONTROLLED 
OSCILLATOR CB 
CONVERTER 
BUSY 


OPTION 

l SOLID STATE UP. DOWN COUNTER 

RESOLVER INPUT OPTION CONTROL (CONTAINS ANGLE o) 
— ye Dee eee, ed TRANSFORMER 


| 
S] RESOLVER SIN 


$2 ISOLATION 
$3 TRANSFORMER cos 4 
S4 

a ey ee 


| INPUT 


BIT 10, 
12 OR14 


BIT10, 12,0r 14 
(LSB) 
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CORPORATION 


SPECIFICATIONS 


Apply over temperature range, power supply range, reference frequency and amplitude range, +10% signal amplitude 
variation, and up to 10% harmonic distortion in the reference. 


PARAMETER VALUE PARAMETER VALUE 
po soce30 | socese | socom | | soces0 | socio | soc.eas 
RESOLUTION | obits | tzbits [a its DYNAMIC CHARACTERISTICS (Cont'd) ne eae 
+8.5 min 


ACCURACY 
Standard Units 
High Accuracy Option 


Acceleration Constant 
(Nominal Values) 
Options H, M, L (400 Hz) 
Option | (60 Hz) 


+4 min +0.9 LSB 
+2.6 min 


Ka = 36,000 sec? 
Ka - 2,200 sec’ 


Kg - 54,000 sec? 


Kg - 3,600 sec’ 
SIGNAL AND REFERENCE INPUT a sec 


Synchro Input*: Signal Frequency Signal Input Impedance 
Range (L-L Balanced, Resistive) 


POWER SUPPLIES 
Nominal Voltage 


+15V Supply -15V Supply +5V Logic Supply 


OV Let, 400 Hz (Option Hl 350-1000 Hz 148 KSimin Voltage Range #1110 +16.5V | -11 to -16.5V | +45 to +5.5V 
90V L-L, 60 Hz (Option 1) 47-1000 Hz 148 KQ min Mai, Voitane Wahout Damage +18V -18V WV 
11.8V L-L, 400 Hz (Option L) 350—1000 Hz 19 K{2 min Birtconi 

Resolver Input*: SDC-630 (632) Typical B8mA (4) 18 mA 80 mA (80) 
9OV L-L, 400 Hz (Option H) 350—1000 Hz 198 K&2 min Maximum 13 mA (6) 30 mA (30) 120 mA (120) 
26V L-L, 400 Hz (Option M) 350-1000 Hz §7 KQ2Q min SDC-634 Typical 10mA 20 mA 100 mA 
11.8V L-L, 400 Hz (Option L) 350—1000 Hz 26 K{2 min Maximum 15mA 30 mA 150 mA 


Reference Input* Reference Ref. Input Impedance 


TEMPERATURE RANGES 


Voltage Range (Resistive) 
Operating 
Options H, | 40—150V rms 300 K82 min —~1 Option 55 Cto +105'C 
Options M, L 10—50V rms 80 K2Q min ~3 Option O'Cto+70'C 


Storage -55 Cto +125 C 


* Transformer isolated. Other voltages and frequencies available on special order. 


PHYSICAL CHARACTERISTICS 
Size (Encapsulated Module) 


DIGITAL/INPUT OUTPUT 
Logic Type 
Inhibit Input (INH) Loading 


3.125 x 2.625 x 0.43 inch 
(7.94 x 6.67 x 1.07 cm) 
4 oz (113 g) 


TTL 

Logic “0” inhibits 

0.2 Std. TTL loads plus 18 K$2 min pull-up 
resistor to +5V supply 


Weight 


Outputs 

Type 

10, 12, or 14 
Parallel Data Bits 

Converter Busy (CB) 


Low power Schottky (can drive remote loads) 


TECHNICAL INFORMATION 
TIMING 


The figure below shows the timing waveforms of the 
converter. Whenever an input angle change occurs, the con- 
verter changes the digital angle in steps of 1 LSB, and 
generates a converter busy impulse (CB). The CB is a 


Natural binary angle, positive logic 
0.5 to 1.5usec positive pulse. Data changes on leading 
edge 


Drive Capability 2 Std. TTL loads 


VELOCITY OUTPUT (ON SPECIAL ORDER ONLY) 


Type Derived from an op-amp with low impedance output . 
Positive output for increasing angle positive pulse 0.5 to 1.5usec long. Data changes on the 
Voltage Range -10V min - 
Scale Fectar (Pur Sbt6s4-— Ouatson Heauerdl leading edge of the CB pulse, and data can be transferred 
Options H, M, and L 6V per rps nominal (10V = 15 rps) 0.5usec after the leading edge. 
Option | 3 3V per rps nominal (10V = 2 7 rps) 


The simplest method of interfacing with a computer is to 

HA TERISTICS TYP : ‘ Z P <p wa. 8 

eee are vee transfer data at a fixed time interval after the inhibit is 
Input Rate for Full Accuracy (Min Range) ; naan ; cis ; ; 

Options H, M, L (400 Hz) 0-22 rps 40]0-40rps 50]0-10rps_ 15 applied. The converter will ignore an inhibit applied during 


Option | (60 Hz) O-Beps = 10, Os tO ms. 12-5) 0-125 rps 3 the “busy” interval until that interval is over. Timing is as 
Acceleration for 1 LSB Lag . wea ‘ 
Options H, M, L (400 Hz) 12,600 /sec? typ| 4500° sec’ typ |610° sec: typ follows: (a) apply the inhibit, (b) wait 0.5us,(c) transfer 
Option | (60 Hz) 770 /sec’ typ | 295° sec’ typ | 20° sec: typ the data, and (d) release the inhibit. Extra CB pulses will 
Settling Time : . : : 
roc Ndenel Traces not occur if the input angle changes while the counter is 
(Up to Specified Input Rate) No !ag error No lag error No lag error locked by the IN H. 
For 179 Step Change 
(Typical Values) 
Options H, M, L (400 Hz) 
Settling to 1 LSB 80 msec 90 msec 150 msec 
Settling to Final Value 100 msec 110 msec 200 msec at 6.1us MIN 
Option | (60 Hz) DEPENDS ON dé 
Settling to 1 LSB 300 msec 300 msec 800 msec  — dt 


Settling to Final Value 500 msec 360 msec 1000 msec CONVERTER "O% 
Velocity Constant (Type II BUSY (CB) — | ~<a—0 5-1 5us 


servo loop) Ky=o 


4a of 


| | 
INHIBIT l l 
(INH) or l 


—" oe -5us : 


DATA | 
VALID ~@— VALID 
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DYNAMIC PERFORMANCE 


A type II servo loop (KV =- ©) and very high acceleration 
constants give these converters superior dynamic perform- 
ance, as listed in the specifications. If the power supply 
voltages are not the +15 VDC nominal values, the specified 
input rates for full accuracy will increase or decrease in 
proportion to the fractional change in voltage. The +15 V 
supply voltage will determine the positive maximum 
velocity, and the —15V supply voltage will determine the 
negative maximum velocity. 


So long as the maximum tracking rate is not exceeded, 


there will be no lag in the converter output. If a step 
input occurs, as is likely when the power is initially turned 
on, the response will be critically damped. The figure 
shows the response to a step input. After initial slewing at 
the maximum tracking rate of the converter, there is one 
overshoot which is inherent to a Type II servo. The over- 
shoot settling to a final value is a function of the small 
signal settling time. 


OVERSHOOT 


| TIME 


MAX SLOPE EQUALS 
TRACKING RATE (SLEW RATE) 


RESPONSE TO A STEP INPUT 
The nominal open loop transfer function is given by 


7| 
7 | 
4 
4 
fy, ® 
0, * SMALL SIGNAL SETTLING 


A? pF a4) 
B 
Ge= 
S? bas eeay 
10B 


where the parameters A and B are: 


[| __ [| soesso | snces2 | spcesa | 
400Hz [3] ot secs* | 100 see | 56 see 
60H2 [3 | 23sec? | 26 sec 


POWER SUPPLIES 


The main power supplies can vary over their specified 
ranges with no change in the converter specifications except 
for a proportional change in the maximum tracking rates. 


When testing or evaluating the converters, it is advisable to 
limit the current to each of the three power supplies. Set 
each limit to 50% greater than the maximum current listed 
for that supply in the specifications table. 


TRANSFORMER INPUT 


To prevent damage to the input transformers, the maxi- 
mum steady state voltage should not exceed the specified 
input voltage by more than 30%. The maximum common 
mode voltage (DC plus recurrent AC peak) should not 
exceed 500 V. 


ACCOMMODATING NON-STANDARD INPUT VOLTAGES 


The signal and reference input levels of the SDC-630 series 
can be resistively scaled to accommodate non-standard 
voltages. A converter should be selected that is the next 
lower standard voltage and the voltage is then scaled up 
with resistors in series with the synchro and/or reference 
inputs. 


For a synchro input (SDC), a resistor RSIG is added in 
series with S1, S2 and S3 , which is determined as 
follows: 


RsSIG = 1.11K (New L-L Voltage — Standard Unit 
Voltage) 


That is, 1.11K for each volt above that for which the 
standard unit is designed. 


Example: An SDC-634-L (11.8V) is to be used at 50V 
L-L 


RSIG-1.11K (50-11.8) = 42.4K 


The closest available high grade resistor with a low 
temperature coefficient of resistance should be used, and 
the three resistors should be matched to each other as 
closely as possible. In general, a 0.1% difference will 
introduce 1.7 arc minutes of additional error due to the 


SIN : 
Lai i 
effect on COS ratio relationship. 


The ABSOLUTE value of the resistor is not critical. 


In the case of the RESOLVER version (RDC), the 
equation is: 


RsIG = 2.2K (New L-L level — Standard Unit L-L 
level) 


The calculated resistors are connected in series with S1 
and S2 respectively. Note only two resistors required. 
The required resistor matching and its effect on accuracy, 
is the same as for a synchro input (See Figure), 


The Reference Voltage treatment is similar, but the 
value selected is not critical. 


R Ref =2.8K (New ref — standard ref) 


Here, even a 10% tolerance is adequate. 


NON STANDARD 
LINE TO LINE 
LEVEL 


SDC-630 


NON STANDARD. | 
REFERENCE 
LEVEL 
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SDC-630/632/634* 


MECHANICAL OUTLINE 


Notes: 


@14 LSB 


SDC-630 


or 


or 


@ee2eoeeoeded08 
—-NOWhOONWO 


SDC-632 


VEL®@ 
+ 


Se 
S3e 
S2¢ 
Sie 

Be 


INH® 


SDC-634 .15Ve 


GNDe 
—15Ve 
+5V e@ 
RLe 
RH® 


_ _ 5 700%2.010_». 


BOTTOM VIEW 


.040 +.002 
Dia (Typ) 


.430 (MAX) 


1 


(Tol. Noncum.) 


.20 +.01 (Typ.) 
. 25 


—>| 


1. Pin material is electrosoldered brass per MIL-F-14072, M222. 
2. Case material is glass filled Dially! Phthalate per MIL-M-14, Type SDG-F. 


3. Pins 13 and 14 are omitted for SDC-632, and pins 11, 12, 13 and 14 are 


omitted for SDC-630. 
4. Velocity output pin VEL is present only if requested on special order. 
5. Pin S4 is present on Resolver units, and omitted on Synchro units. 


ORDERING INFORMATION 


If a socket is required, order socket number 9010. 


SDC—634—H—1—a—R 


E-60 


R = Enhanced reliability 


High Accuracy Version 
+2.6 Minutes (SDC-634 only) 


Temperature Range (operating): 
1 = —55°C to +105°C 


3=0°C to +70°C 


Signal Input Voltage and Frequency: 
H = 90V L-L, 400 Hz (Synchro or Resolver) 
| =90V L-L, 60 Hz (Synchro only) 
M = 26V L-L, 400 Hz (Resolver only) 
L =11.8V L-L, 400 Hz (Synchro or Resolver) 


Resolution: 
634 = 14 bits 
632 = 12 bits 
630 = 10 bits 
Input Type: 


SDC = Synchro 
RDC = Resolver 


SIDE VIEW 


D[o[c 
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DESCRIPTION 
The SDC-14531II is a low-cost, high- 
reliability, programmable synchro/ 
resolver-to-digital converter with Pin 
Programmable 14 Bit or 16 Bit resolu- 
tion. Packaged in a 36 pin DDIP, the 
SDC-145311I features Built-In-Test 


(BIT) output. 


The SDC-14531II series accepts a 
broadband input of 360 to 2.5kHz. 
Other features are solid-state signal and 
reference isolation and high common 
mode rejection. 


The digital angle output from the SDC- 
1453111 is a natural binary code, parallel 
positive logic and is TTL/CMOS com- 
patible. Synchronization to a computer 
is accomplished with the Converter 


Busy (CB) output and/or the Inhibit 
( input. 


APPLICATIONS 


Because of its high reliability, small 
size, and low power consumption, the 
SDC-14531II is ideal for military 
ground or avionics applications. 883B 
processing is available. 


Designed with three state output, the 
SDC-14531II is especially well suited 
for use with computer based systems. 
Among the many possible applications 
are radar and navigation systems, fire 
control systems, flight instrumentation, 
and flight trainers or simulators. 


SDC-14531II 


PROGRAMMABLE SYNCHRO/RESOLVER 
TO DIGITAL CONVERTER 


FEATURES 


Single 5V Power Supply 


Accuracy to 1.3 Arc-Minutes 


Pin Programmable 


Synchro/Resolver 


© Pin Programmable 


16 Bit 


14 Bit or 


No 180° False Lock-up 
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TABLE1. SDC-14531ll SPECIFICATIONS 
Specifications apply over temperature range, power supply range, ref- 
erence frequency, and amplitude range; 15% signal amplitude vana- 
tion, up to 10% harmonic distortion in the reference, and up to 45° of 
signal to reference phase shift. 


[PARAMETER | UNIT | VALUE 
RESOLUTION. |CBits [14orte 
FACCURACY, | Min’: (5.2,26,0r19 
PREPEATABILITY S| LSB [imax 
REFERENCE INPUT 
CHARACTERISTICS 
Carrier Frequency Ranges: 
Nominal 400Hz Units 
Model -644 
Voltage Range 
Input Impedance: 
Single Ended 
Differential 
Common Mode Rang 
SIGNAL INPUT 
CHARACTERISTICS 
(voltage options and minimum 
input impedance ) 
Input Impedance Inbalance 


Synchro mode 
Zin Line to Line 

Zin Each Line to Gnd 
Common Mode Range 


Resolver mode 
Zin Single Ended 
Zin Differential 
Zin Each Line to Gnd 
Common Mode Range 


Model-644: 
Resolver mode only 
Zin Single Ended 
Zin Differential 
Zin Each Line to Gnd Ohm 
Common Mode Range V 
Ue 


+ Sig/Ref Phase Shift ° D 


DIGITAL INPUT/OUTPUT 
Logic Type 


TTL/CMOS compatible 


Inputs: Logic 0 = 0.8V max 
Logic 1 = 2.0V min 


Loading = 10a max 


Inhibit (INH) Logic 0 inhibits Data 
stable within 0.5 uS 
Logic 1 for 14 bits 
Pull-up current source to 
+5V //5pF max CMOS tran- 


sient protected 


Resolution Control (14B) 


Enable Bits 1 to 8 (HBE) 
Enable Bits 9 to 16 (LBE) 


Logic 0 enables 
Data Valid within 150ns 
Logic 1 = High Z 

Data High Z within 100ns 
Pull-down to GND. 
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TABLE1. SDC-14531II SPECIFICATIONS (continued ) 
PARAMETER | UNIT | VALUE 


DIGITAL INPUT/OUTPUT 
(continued) 

Outputs: 

Parallel Data 


14 or 16 parallel lines; 
natural binary angles, posi- 
tive logic 


Converter Busy (CB) 0.8 to 3.0usec positive 
pulse; leading edge in- 


itiates counter update. 


BIT 


Logic 1 for fault conditons. 


Drive Capability SOpF + rated logic drive 
Logic 0; 1 TTL load, 
1.6 mA at 0.4V max 
Logic 1; 10 TTL loads, 
0.4 mA at 2.8V min 
High Z;10 pA//SpF max 
Logic 0;100mV max 
driving CMOS 
Logic 1; +5V supply 
minus 100mV min 
driving CMOS 


ANALOG OUTPUT: 


Analog Return (V) +4.3V nom 
Velocity (VEL) (see note) See Table 4. VEL. Char. 
AC error (e) 

14 BIT Mode mVrms | 5.5 per LSB of error 

16 BIT Mode mVrms | 2.75 per LSB of error 


Load 
DYNAMIC 
CHARACTERISTICS 
POWER SUPPLY 
CHARACTERISTICS 
Nominal Voltage 
Voltage Tolerance 


mA | 1 
- See Table 6. 
Max Voltage w/o Damage 


V +5 

% +10 

V +7 
Current mA | 30 max 


TEMPERATURE RANGES : 
Operating °C | -55 to +125 
Storage "Cc -€5 to + 150 


PHYSICAL 
CHARACTERISTICS 
Size 


1.9 x 0.78 x 0.21" 
(48 x 20x53) 

36 Pin Double Dip 
0.7 max (20 


Weight 


NOTE: VEL polarity is positive voltage for positive angular rate. See 
table 4 and figure 15. 
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The SDC-14531II Series are small, 36 pin DDIP synchro to 
digital hybrid converters. As shown in the block diagram (fig- 
ure 1) the SDC-145311] can be broken down into the following 
functional parts: Signal Input Option, Converter, Analog Con- 
ditioner, Power Supply Conditioner, and Digital Interface. 


Converter Operation 


As shown in figure 1, the converter section of the SDC-14531II 
contains a high accuracy control transformer, demodulator, error 
processor, voltage controlled oscillator (VCO),up-down 
counter, and reference conditioner. The converter produces a 
digital angle which tracks the analog input angle to within the 
specified accuracy of the converter. 


The control transformer performs the following trigonometric 
computation: 


sin( 8-) ) = sin@ cos - cos® sind 
Where: 


8 is angle theta representing the resolver shaft 
position. 

o is digital angle phi contained in the up/down 
counter. 


The tracking process consists of continually adjusting to make 
(8 - @) =0, so that > will represent the shaft position @. 


The output of the demodulator is an analog DC level proportional 
to sin(6-). The error processor receives its input from the 
demodulator and integrates this sin(6 - > ) error signal which then 
drives the VCO. The VCO’s clock pulses are accumulated by 
the up/down counter. The velocity voltage accuracy, linearity 
and offset are determined by the quality of the VCO. Function- 
ally, the up/down counter is an incremental integrator. There- 
fore, there are two stages of integration which makes the 
converter a Type II tracking servo. 


In a Type II servo, the VCO always settles to a counting rate 
which makes do /dt equal to d@ /dt without lag. The output data 
will always be fresh and available as long as the maximum 
tracking rate of the converter is not exceeded. 


The reference conditioner is a comparator that produces the 
square wave reference voltage which drives the demodulator. 
It’s single ended Input Z is 250k Ohms min, 500k Ohms dif- 
ferential. 


Reference Synthesizer — Quadrature Voltages. 


The synthesized reference section of the SDC-14531II 
eliminates errors caused by quadrature voltage. Due to the 
inductive nature of synchros and resovers, their signals typically 
lead the reference signal (RH and RL) by about 6°. When an 
uncompensated reference signal is used to demodulate the con- 
trol transformer’s output, quadrature voltages are not completely 
eliminated. Ina 14 bit converter it is not necessary to compensate 
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for the reference signal’s phase shift. A 6° phase shift will, 
however, cause problems for the one minute accuracy con- 
verters. As shown in figure 1, the converter synthesizes its own 
cos(Wt +a ) reference signal from the sin8- cos(wt+a ), cos 
6- cos(Wt +a) signal inputs and from the cosat reference input. 
The phase angle of the synthesized reference is determined by 
the signal input. The reference input is used to choose between 
the +180° and -180° phases. The synthesized reference will 
always be exactly in phase with the signal input, and quadrature 
errors will therefore be eliminated. The synthesized reference 
circuit also eliminates the 180° false error null hangup. 


Quadrature voltages in a resolver or synchro are by definition 
the resulting 90° fundamental signal in the nulled out error 
voltage (e) in the converter. A digital position error will result 
due to the interaction of this quadrature voltage and a reference 
phase shift between the converter signal and reference inputs. 
The magnitude of this error is given by the following formula: 


Magnitude of Error=(Quadrature Voltage/F.S.signal) « tan(a) 
Where: 


Magnitude of Error is in radians. 
Quadrature Voltage is in volts. 
Full Scale sinal is in volts. 

& = signal to REF phase shift 


An example of the magnitude of error is as follows: 
Let: Quadrature Voltage = 11.8mV 
Let.  F-.S. signal = 11.8V 
Let a=6° 
Then: Magnitude of Error = 0.35 min = 1 LSB in the 16th bit. 


Note: Quadrature is composed of static quadrature which is 
specified by the synchro or resolver supplier plus the speed 
voltage which is determined by the following formula: 


Speed Voltage=(rotational speed/carrier frequency) « F.S.signal 
Where: 


Speed Voltage is the quadrature due to rotation. 
Rotational speed is the RPS (rotations per second) of 
the synchro or resolver. 
Carrier frequency is the REF in Hz. 


Bullt-In-Test (BIT, Pin 15) 


The Built-In-Test output (BIT) monitors the level of error (D) 
from the demodulator. D represents the difference in the input 
and output angles and ideally should be zero, if it exceeds 
approximately 55 LSBs (of the selected resolution) the logic 
level at BIT will change from a logic 0 to logic 1. This condition 
will occur during a large step and reset after the converter settles 
out. BIT will also change to logic 1 for an over-velocity condi- 
tion, because the converter loop cannot maintain input-output or 
and if the converter malfunctions where it cannot maintain the 
loop at a null. BIT will also be set for a Loss-of-Signal (LOS) 
and/or a Loss-of-Reference (LOR). 
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Programmable Resolution (14B, PIN 16) 


Resolution is controlled by one logic input, 14B . The resolution 
can be changed during converter operation so the appropriate 
resolution and velocity dynamics can be changed as needed. To 
insure that a race condition does not exist between counting and 
changing the resolution, input 14B is latched internally on the 
trailing edge of CB (see figure 2). 


Signal Input Options 


The SDC- 145311] series offers programmable synchro or resol- 
ver inputs. In asynchro or resolver, shaft angle data is transmitted 
as the ratio of carrier amplitudes across the input terminals. 
Synchro signals, which are of the form sin8cosat, 

sin( 6+120° )coswt, and sin( 6+240° )coswt are internally con- 
verted to resolver format; sin@cosmt and cos@coswt. 

Figure 3 illustrates synchro and resolver signals as a function of 
the angle 8. 


The solid-state signal and reference inputs are true differential 
inputs with high AC and DC common mode rejection. 
Input impedance is maintained with power off. 


Synchro/Resolver Programmable Input option 


The Synchro or Resolver Programmable input option is shown 
in figures 4 and 5. 


Solid-State Buffer Input Protection — Transient Volt- 
age Suppression 


The solid-state signal and reference inputs are true differential 
inputs with high AC and DC common rejection , so most applica- 
tions will not require units with isolation transformers. Input 
impedance is maintained with power off. The recurrent AC peak 
+ DC common mode voltage should not exceed the values in 
Table 2. 
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TABLE 2. 
Maximum Peak Voltag 


30V Peak 150V 


11.8V L-L 
90V L-L 180V Peak 500V 


Reference 250V Peak 500V 


The 90V line-to-line systems may have voltage transients which 
exceed the SOOV specification listed above. These transients can 
destroy the thin film input resistor network in the hybrid. There- 
fore, 90V L-L solid-state input modules may be protected by 
installing voltage suppressors as shown. Voltage transients are 
likely to occur whenever synchro or resolver are witched on and 
off. For instance a 1000V transient can be generated when the 
primary of a CX or TX driving a synchro or resolver input is 
opened. See figure 6. 


Digital interface 
Te digital interface circuitry performs three main functions: 


1. Latches the output bits during an Inhibit (INH) command 
allowing stable data to be read out of the SDC-14531II. 


2. Furnishes parallel tri-state data formats. 


3. Acts as a buffer between the internal CMOS logic and the 
external TTL logic. 


In the SDC-14531II applying an Inhibit (NH) command will 
lock the data in the inhibit transparent latch without interfering 
with the continuous tracking of the converter’s feedback loop. 
Therefore the digital angle is always updated, and the INH can 
be applied for an arbitrary amount of time. The Inhibit 
Transparent Latch and the 50ns delay are part of the inhibit 
circuitry. 

For further information see the INHIBIT (INH, PIN 13) para- 
graph. 
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FIGURE 2. RESOLUTION CONTROL TIMING DIAGRAM 
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FIGURE 4. SYNCHRO INPUT CONNECTION DIAGRAM 
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FIGURE 5. RESOLVER INPUT CONNECTION DIAGRAM 
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Standard Resolver Control Transmitter (RX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ) With R2-R4 Excited. 


FIGURE 3. SYNCHRO AND RESOLVER SIGNALS 


FOR 90V SYNCHRO INPUTS 
S3 


RH 


HYBRID 


CR1, CR2 and CR3 are 1N6136A, bipolar 
transient voltage suppressors or equivalent. 


FOR 90V RESOLVER INPUTS 


S9OVLL 
Resolver 
Input 


CR 4 and CR5 are 1N6136A, bi-polarity 
transient voltage suppressors or equivalent. 


2 IN6071A 


FIGURE 6. CONNECTIONS FOR VOLTAGE TRAN- 


SIENT SUPPRESSORS 


E-65 


BOG 


iLC DATA DEVICE 
CORPORATION 


Digital Angle Outputs (Logic Input/Output) 

The digital angle outputs are buffered and provided in a two-byte 
format. The first byte contains the MSBs (bits 1-8) and is enabled 
by placing HBE (pin 35) to a logic 0. Depending on the user 
programmed resolution, the second byte contains the LSBs and 
is enabled by placing LBE (pin 17) to a logic 0. 


The second byte will contain either bits 9-14 (14 bit resolution) 
or bits 9-16 (16 bit resolution). All unused LSBs will be at logic 
0. Table 3 lists the angular weight for the digital angle outputs. 


The digital angle outputs are valid 150 ns after HBE or LBE are 
activated with a logic 0 and are high impedance within 100 ns, 
max after HBE and LBE are set to logic 1(see figure 7). Both 
enables are internally pulled down. 


TABLE 3. DIGITAL ANGLE OUTPUTS 


14 (LSB 14 BIT MODE) 
15 
16 (LSB 16 BIT MODE 


Note: HBE enables the 8 MSBs and LBE enabies the LSBs. 


Digital Angle Output Timing 


The digital angle output is 14 or 16 parallel data bits and 
CONVERTER BUSY (CB). All logic outputs are short-circuit 
proof to ground and +5V. The CB output is a positive, 0.8 to 
3.0 ps pulse. 


The digital output data changes approximately 5Ons after the 
leading edge of the CB pulse because of an internal delay. Data 
is valid 0.2 us after the leading edge of CB (see figure 8). The 
angle is determined by the sum of the bits at logic 1. The digital 
Outputs are valid 150 ns max after HBE or LBE go low and are 
high impedance within 100ns max of HBE or LBE going high. 


Inhibit (INH, Pin 13) 


When an Inhibit (INH) input is applied to the SDC-145311], the 
Output Transparent Latch is locked causing the output data bits 
to remain stable while data is being transferred (see figure 9). 
The output data bits are stable 0.5ys after INH goes to logic 0. 


A logic 0 at the T input of the Inhibit Transparent Latch latches 
the data, anda logic 1 applied to T allows the bits to change. This 
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latch also prevents the transmission of invalid data when there 
is an overlap between CB and INH. While the counter is not 
being updated, CB is at logic 0 and the INH latch is transparent; 
when CB goes to logic 1, the INH latch is locked. If CB occurs 
after INH has been applied, the latch will remain locked and its 
data will not change until CB returns to logic 0; if INH is applied 
during CB, the latch will not lock until the CB pulse is over. The 
purpose of the 5Ons delay is to prevent a race condition between 
CB and INH where the up-down counter begins to change as an 
INH is applied. 


An INH input, regardless of its duration, does not affect the 
converter update. A simple method of interfacing to a computer 
asynchronous to CB is: (1) Apply INH; (2) Wait 0.5 pis min; (3) 
Transfer the data; (4) Release INE. 


A logic 1 for the INH enables the output data to be updated. The 
time it takes for INH to go to a logic 1 should be 100ns 
minimum before valid data is transferred. To allow the update 
of the output data with valid information the INH must remain 
at a logic 1 for ls minimum (see figure 10 below). 
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FIGURE 7. TRI-STATE OUTPUT TIMING 
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FIGURE 10. OUTPUT DATA UPDATE TIMING 
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Data Transfers 

Digital output data from the SDC-14531II can be transferred to 
8 bit and 16 bit bus systems. For 8 bit systems, the MSB and LSB 
bytes are transferred sequentially. For 16 bit systems all bits are 
transferred at the same time 


Data Transfer To 8 Bit Bus 


Figures 11 and 12 show the connections and timingfor trans- 
ferring data from the SDC-14531II to an 8 bit bus 


As can be seen by the timing diagram the following occurs: 


1. The converter INH control is applied and must remain low 
for a minimum of 500ns before valid data is transferred. 


2. HBE is set to a low state (logic 0) 350ns MIN after INH goes 
low and must remain low for a minimum of 150ns before the 
MSB data (1- 8) is valid and transferred. 


3. As HBE is set to a high state (logic 1), LBE is brought low for 
a 150ns MIN before the LSB data is valid and transferred. 


4. LBE should go high (to logic 1)at least 100ns MAX before 
another device uses the bus. 


5. INH goes high and data transfer is done and the data refresh 
cycle can begin. Note the time it takes for INH to go to a logic 
1 should be 100ns minimum before valid data is transferred. 


Note: for further understanding refer to the beginning of this 
section (i.e. Digital Interface, Digital Angle Outputs, Digital 
Angle Output Timing, and Inhibit). 


16 Bit Data Transfer 
Data transfer to the 16 bit bus is much simpler than the 8 bit bus. 


Figures 13 and 14 (page 8) show the connections and timingfor 
transferring data from the SDC-14531II to an 8 bit bus 


As can be seen by the timing diagram the following occurs: 


1. The converter INH control is applied and must remain low for 
a minimum of 500ns before valid data is transferred. 


2. HBE and CBE are set to a low state (logic 0) 350ns MIN after 


INH goes low and must remain low for a minimum of 150ns 
before the data (1- 16) is valid and transferred. 


3. HBE and LBE should go high (to logic 1)at least 1OOns MAX 
before another device uses the bus. 


4. INH goes high and data transfer is done and the data refresh 
cycle can begin. Note the time it takes for INH to go to a logic 1 
should be 100ns minimum before valid data is transferred. 


Note: for further understanding refer to the beginning of this 
section (i.e. Digital Interface, Digital Angle Outputs, Digital 
Angle Output Timing, and Inhibit). 
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FIGURE 11. DATA TRANSFER TO 8 BIT BUS 
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FIGURE 13. 16 BIT DATA TRANSFER 


bb ons MIN 


1-1 | | | 
Ce ° 100ns MAX 


FIGURE 14. 16 BIT DATA TRANSFER TIMING 
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The analog outputs are AC error (e), Analog Return (V), and 
Velocity (VEL). 


AC Error (e, PIN 12) 


The AC error is proportional to the difference between the input 
angle 6 and the digital input angle 9, (6 - ©), with a scaling of: 


5.5mVrms/LSB (14 bit mode) 
2.75mVrms/LSB (16 bit mode) 


The e output can swing +3V min with respect to Analog Return 
(V). 


Analog Return (V, PIN 10). 


This internal voltage is not required externally for normal opera- 
tion of the converter. It is used as the internal DC reference and 
the return for the VEL and e outputs. It is nominally +4.3V and 
is proportional to the +S VDC supply. 


Velocity (VEL, PIN 11) 


The velocity output (VEL, pin 11) is a DC voltage proportional 
to angular velocity d@ /dt. The velocity is the input to the voltage 
controlled oscillator (VCO), as shown in figure 1. Its linearity 
and accuracy is dependent solely on the linearity and accuracy 
of the VCO. 


The VEL output can swing +1.10V with respect to Analog 
Return (V). The analog output VEL characteristics are listed in 
tables 4 and 5. 


The VEL output has DC tachometer quality specs such that it 
can be used as the velocity feedback in servo applications. 
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| TABLE 4. VELOCITY CHARACTERISTICS 
PARAMETER | UNITS __ TYP | MAX _| 
See the note at the bottom of the table. 


Polarity 


Output Voltage V 
Voltage scaling RPS/1.1V 
Scale Factor % 
Reversal Error % 

| Linearity % output 
Zero offset mV 


Load mA 


Note: VEL is positive for positive angular rate and -VEL is negative for 
positive angular rate if measured per differential circuit (figure 15). 


TABLE 5. VELOCITY VOLTAGE SCALING 
values in V/RPS 


Note: If the resolution is changed while the input is changing, then the 
velocity output voltage and the digital output will have a transient until it 
setties to the new velocity scaling at a speed determined by the 
bandwidth 


R2 
- VEL 
(PIN 11) 
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RETURN (V) 
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GAIN = R21 


FIGURE 15. DIFFERENTIAL CIRCUIT FOR A-VEL, 
ANALOG OUTPUT 
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A Type II servo loop (Ky =o) and very high acceleration 
constants give the SDC-14531II superior dynamic performance. 
If the power supply voltage is not the +5 VDC nominal value, the 
specified input rates will increase or decrease in proportion to 
the fractional change in voltage. 


Transfer Functions 


The dynamic performance of the converter can be determined 
from its transfer function block diagram (figure 16) and open and 
closed loop Bode plots (figures 17 and 18). Values for the 
transfer function block can be obtained from table 6. 
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TABLE 6. DYNAMIC CHARACTERISTICS 


14 Bit 16 Bit 
renters. 


Input Freq.(see note) 

Tracking Rate 

Bandwidth,cl 

Ka 

Al 

A2 

A 

B 

acc-1 LSB lag 

Settling Time 
180° Step 
1.4° Step 


Note: For model -644 Input Frea. is from 360 - 2500Hz. 


Response Parameters 


As long as the converter maximum tracking rate is not exceeded, 
there will be no velocity lag in the converter output although 
momentary acceleration errors remain. If a step input occurs, as 
when the power is initially applied, the response will be critically 
damped. Figure 19 shows the response to a step input. After 
initial slewing at the maximum tracking rate of the converter, 
there is one overshoot (which is inherent in a Type II servo). The 
overshoot settling to a final value is a function of the small signal 
settling time. 


Faster Settling Time Using BIT to Reduce Resolution 


Since the SDC-14531II has higher precision in the 16 Bit mode 
and faster settling in the 14 Bit mode, the BIT output can be used 
to program the SDC-14531II for lower resolution, allowing the 
converter to settle faster for step inputs. High precision, faster 
settling can therefore be obtained simultaneously and automat- 
ically in one unit. 


MAX SLOPE EQUALS OVERSHOOT 
TRACKING RATE 


(SLEW RATE) 


Ft | 
x SMALL SIGNAL 
/ - SETTLING TIME 


—— SETTLING TIME 
| 
FIGURE 19. RESPONSE TO A STEP INPUT 
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CONNECTING THE SDC-1453111 TO A PC BOARD 


The SDC-14531II can be attached to a PC board using hand 
solder or wave soldering techniques. Limit exposure to 300°C 
(572° F) max, for 10 seconds maximum. 


Since the SDC-145311I Series converters contain a CMOS , 
device, standard CMOS handling procedures should be fol- 
lowed. 


io an SDC-1 4531 ll 


CORPORATION 


SSPEDRIGHFOnMATION 
pw _runction [pn FUNCTION — 


S1(Res) S1(Syn) +5V_ SDC-145311I-XXX 


$2(Res) S2(Syn) 
$3(Res) S3(Syn) 680/690'"* ) = 11.8V S/R 1.3 MIN 
S4(Res) — 


681/691!) = 11.8V S/R 2.6 MIN 


682/692 1) . 14.8V S/R 5.2 MIN 


B7 
Analog Return (V) Bs 
11(see note) | VEL B9 (note 1) 
12 e B10 684/694 = 90V S/R 2.6 MIN 
INH B11 ; 
CB B12 685/695'"* 1) - 90V S/R 5.2 MIN 
BIT B13 
148 B14 644 = 11.8V Resolver Only, 


LBE B15 


NOTE: See table 4 and figure 15. 


683/693"? 1) « 90V S/R 1.3 MIN 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


NOTES: 
(1) X8X = 883B processing is available but without QCI testing. 
X9X = 883B processing is available. 
(2) All models have - °C to + 125°C operating temperature range. 


1.700 + 0.005 
(43.2 + 0.13) 


o000N0N0NNN OOO O00000 
36 


0. 
TOP VIEW (15.2 + 0.13) 


1.895 + 0.005 
(48.1 + 0.13) __, 0.086 TYP 


RADIUS 


"0.100 TYP (2.54) 0.055 (1.4) 
0.015 MAX > TOL. NON- 
(0.39) CUMULATIVE 
eta 0.018 (0.46) 
, DIAM ine 


NOTES: 

1. Dimensions shown are in inches. (millimeters) 

2. Lead identification numbers are for reference only. 

3. Lead cluster shall be centered within t 0.01 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 

4. Package is Kover with electroless nickel plating. 

5. Case is electrically floating. 


Cc FIGURE 20. SDC-145311l MECHANICAL OUTLINE 36 PIN DDIP 
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DESCRIPTION 


The SDC-14532 is a complete 12 or 14 
bit synchro or resolver-to-digital con- 
verter packaged in a small 32 pin TDIP 
hybrid. Features of this series include: 
+5.3 minute accuracy, Control Trans- 
former (CT) mode capability, an Inhibit 
input which, when applied, does not in- 
terfere with tracking, and low power con- 
sumption. 


The SDC-14532 accepts broadband in- 
puts (360 Hz to 2600 Hz), has solid state 
signal and reference isolation. The out- 
put of the SDC-14532 is a natural binary 


code, parallel positive logic and is 
CMOS and TTL compatible. 


APPLICATIONS 


With three-state outputs and an Inhibit 
that does not stop the tracking process, 
the SDC-14532 Series is especially well 
suited for bus multiplexing and micro- 
processor interfacing. These converters 
are ideal for remotely located and hard 
to access equipment where low power 
consumption, small size, and high 
MTBF are critical. 


SDC-14532 MONOBRID SERIES 
12 AND 14 BIT S/D AND R/D CONVERTER 


FEATURES 


@ 2ND SOURCE FOR 
SDC-1740/1/2 SERIES 


SOLID STATE INPUTS 


MIL-STD-883 SCREENING 
AVAILABLE 


CT MODE CAPABILITY 


INHIBIT DOES NOT INTERRUPT 
TRACKING 


ACCURACY TO +5.3 MIN 


THREE-STATE LATCHED 
OUTPUTS 


e TTL AND CMOS COMPATIBLE 


SOLID STATE SYNCHRO INPUT OPTION 


SOLID STATE RESOLVER a OPTION 


si1>— is a. i 


SIN@ 
ELECTRONIC | 
s2at Sort 


<< a ee | 


COS @ 


SIN 8 
=2 o RESOLVER 
— NDITIONER 

Ly cose 


Oh arse kl 


INPUT OPTIONS 


REF IN 
RH RL 


REFERENCE 
CONDITIONER 


- _ — —SIN6 
HIGH rr a 
CONTR 


| 
INPUT OPTION 
| iOS? TRANSFORMER 


w0R14 Y 
BIT U-D 
COUNTER 
1 ‘eae 


50ns DELAY 


BIT DETECT BIT 


Vv 


| 


Lee Se 
sem 
LATC 

DIGITAL 

ANGLE ¢ 
+5V —> 

3 STATE OUTPUT 3 STATE 
TTLBUFFER [Aq TRANSPARENT E>) ry, BUFFER 
LATCH 
{ 
EM BITS 1-8 BITS 9-12 EL 
OR 9-14 


0.4-0.7 ws 


() 

INHIBIT 
TRANSPARENT 
LATCH 

PTV POWER 
INTERNAL DC SUPPLY +15V 
REF V (+55) CONDITIONER 


FIGURE 1. SDC-14532 BLOCK DIAGRAM 


®Monobrid is a registered trademark of ILC Data Device Corporation. 
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TABLE 1. SDC-14532 SPECIFICATIONS 


Apply over temperature range, power supply range, reference 
frequency, and amplitude ranges: 10% signal amplitude variation; and 
up to 10% harmonic distortion in the reference. 


PARAMETER VALUE 


ACCURACY +8.5 min (12 bit) 
+5.3 min (14 bit) 


REFERENCE INPUT 
CHARACTERISTICS 


Carrier Frequency Range 360 to 1200 Hz 
Voltage Range 4to 130V rms 
Input Impedance 
Single Ended 250K Ohm min 
Differential 500K Ohm min 


210V peak max, 500V transient peak 


11.8VL-L 90V L-L 


Common Mode Range 


SIGNAL INPUT 
CHARACTERISTICS 
(Voltage options and mini- 
mum input impedance 
balanced) 


Synchro 
Z,, Line-to-Line 17.5K Ohm | 130K Ohm 
Z,, Each Line to Ground 11.5KOhm | 85KOhm 
Resolver 11.8VL-L 26V L-L 
Z,, Single Ended 23K Ohm 50K Ohm 
Z,,, Differential 46KOhm | 100KOhm 
Z,, Each Line to Ground 23K Ohm 50K Ohm 


Common Mode Range 60V max 60V max 


DIGITAL INPUT/OUTPUT 
Logic Type 
Inputs 


TTL/CMOS compatible 

Logic 1 = 0.8V max 

Logic 0 = 2.0V min 

Loading = 104A max pull-up current 


source to + 5V/5pF max, CMOS 
transient protected. 


Inhibit (INH) _ Logic O inhibits, data stable after 0.5yus. 
Enable bits 1 to 8 (EM) Logic 0 enables, logic 1 high Z. 
Enable bits 9 to 12 (EL) Logic 0 enables, logic 1 high Z. 

or bits 9 to 14 


Output Parallel Data 12 or 14 parallel lines, natural binary 


angle, positive logic. 

0.4 to 0.7s positive pulse; leading 
edge initiates counter update. 

50pF plus rated logic drive. 

Logic 0:1 TTLload, 1.6mA at 0.4V max. 
Logic 1:10 TTL loads, 0.4mA at 2.8V min. 
High Z: 10uA/5pF max. 


Logic 1: + 5V supply minus 100mV min 
driving CMOS. 


Built-In Test (BIT) Logic 0 for BIT condition. 


DYNAMIC 
CHARACTERISTICS See table 3. 
POWER SUPPLY 
+15V +5V 


Converter Busy (CB) 


Drive Capability 


CHARACTERISTICS 
Nominal Voltage 


Voltage Range + 5% 
Max Voltage w/o Damage +18V 
Current 20mA max 


TEMPERATURE RANGES 


Operating 
-3XX O°Cto + 70°C 
-1XX «55 Clo #125°C 
Storage —65°Cto + 150°C 


SDC-14532 MONOBRID SERIES 


TABLE 1. SDC-14532 SPECIFICATIONS (Continued) 


PARAMETER VALUE 


PHYSICAL 


CHARACTERISTICS 

Size 1.74x1.14x0.28 in. 
(44x 29x 7.1mm) 

Weight 0.8 max (23 gm) 


TECHNICAL INFORMATION 


The information in this section describes the structure and oper- 
ation of the SDC-14532 Series. 


INTRODUCTION 


The circuit shown in the block diagram of figure 1 contains three 
main parts: the Signal Input; a Feedback Loop, whose elements 
are the control transformer, demodulator, error processor, VCO 
and up-down counter; and Digital Interface circuitry including 
various latches and buffers. 


SIGNAL INPUTS 


The SDC-14532 offers two input options: synchro or resolver. 
In a synchro or resolver, shaft angle data is transmitted as the 
ratio of carrier amplitudes across the input terminals. Synchro 
signals, which are of the form sin@cosat, sin(@ + 120°) cosat, 
and sin(@ + 240°)cosat are internally converted to resolver for- 
mat; sinécoswt and cosécosat (see figure 2). 


The solid state signal and reference inputs are true differential 
inputs with high AC and DC common mode rejection. Input im- 
pedance is maintained with power off. 


FEEDBACK LOOP 


The Feedback Loop produces a digital angie ¢ which tracks the 
analog input angle @ to within the specified accuracy of the 
converter. The control transformer performs the following 
trigonometric computation: 
sin(@ — ¢) = siné cosd@ — cosé sing 

where: 

dis the angle theta, representing the resolver shaft position. 

dis the digital angle phi contained in the up/down counter. 


The tracking process consists of continually adjusting ¢ to make 
(9 — ¢) » O, so that ¢ will represent the shaft position 6. The 
output of the demodulator is an analog DC level proportional to 
sin(@ — ¢). The error processor receives its input from the demoa- 
ulator and integrates this sin(@ — ) error signal which then 
drives a Voltage Controlled Oscillator (VCO). The VCO’s clock 
pulses are accumulated by the up/down counter. The velocity 
voltage accuracy, linearity and offset are determined by the qual- 
ity of the VCO. Functionally, the up/down counter is an incremen- 
tal integrator. Therefore, there are two stages of integration which 
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make the converter a Type Il tracking servo. In a Type II servo, 
the VCO always settles to a counting rate which makes dd/dt 
equal to dé/dt without a lag. The output data will always be fresh 
and available as long as the maximum tracking rate of the con- 
verter is not exceeded. 


The converter automatically zero-sets all of the internal op-amps 
twice per carrier cycle near the zero crossings of the reference. 
This contributes to the converter’s superior dynamic performance. 


$1 -$3 = VmaxSIN@ 


+ Viaax 
® X< 
>O 
ese V\  /\ . /\ 
zor 6 ae 
Bri ®ccw (DEGREES) 
c 
ats 
crs 
— Vmax 


S2-S1 _ VaxSIN(@ of 240°) 


Standard Synchro Control Transmitter (CX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ). 


+ 
< 
= 
> 
x 


— 


o 
222 6 a 
B On 300 330 360) 
oO 
Eos 

a. 
£2s& 

— Vmax 


S1 -S3 = VmaxSIN@ 


Standard Resolver Control Transmitter (RX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ) With R2-R4 Excited. 


FIGURE 2. SYNCHRO AND RESOLVER SIGNALS 


DIGITAL INTERFACE 
The digital interface circuitry performs three main functions: 


1. Latches the output bits during an Inhibit (INH) command 

allowing stable data to be read out of the SDC-14532. 

2. Furnishes parallel and tri-state data formats. 

3. Acts as a buffer between the internal CMOS logic and 
the external TTL logic. 


In the SDC-14532, applying an inhibit command will lock the 
data in the transparent latch without interfering with the continu- 
ous tracking of the feedback loop. Therefore, the digital angle 
is always updated, and the inhibit can be applied for an arbitrary 
amount of time. The inhibit transparent latch and the 50ns delay 
are part of the inhibit circuitry. The inhibit circuitry is described 
in detail in the logic input/output section. 
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LOGIC INPUT/OUTPUT 


Logic angle outputs consist of 12 or 14 parallel data bits and 
CONVERTER BUSY (CB). All logic outputs are short-circuit proof 
to ground and +5 volts. The CB output is a positive, 0.4 to 0.7us 
pulse. Data changes about 50ns after the leading edge of the 
pulse because of an internal delay. Data is valid 0.2us after the 
leading edge of CB, the angle is determined by the sum of the 
bits at logic 1. Digital outputs are three-state and two bytes wide; 
bits 1-8 (MSBs) are enabled by the signal EM, bits 9-14 (LSBs) 
are enabled by the signal EL. Outputs are valid (logic 1 or 0) 150ns 
max after setting EM or EL low and are high impedance within 
100 ns max of setting EM or EL high. Both EM and EL are inter- 
nally pulled-up to +5V at 10uA max. 


The inhibit (INH) input locks the transparent latch so the bits will 
remain stable while data is being transferred (See figure 1). The 
output is stable 0.5,s after INH is driven to logic 0, see figure 3. 
A logic 0 at the T input latches the data, and a logic 1 applied 
to T will allow the bits to change. The inhibit transparent latch 
prevents the transmission of invalid data when there is an overlap 
between CB and INH. While the counter is not being updated, CB 
is at logic 0 and the INH latch is transparent. 


When CB goes to logic 1, the INH latch is locked. If CB occurs 
after INH has been applied, the latch will remain locked and its 
data will not change until CB returns to logic 0; if INH is applied 
during CB, the latch will not lock until the CB pulse is over. The 
purpose of the 50ns delay is to prevent a race condition between 
CB and INH where the up-down counter begins to change as 
an INH is applied. Whenever an input angle change occurs, the 
converter changes the digital angle in 1 LSB steps and generates 
a converter busy pulse. Output data change is initiated by the 
leading edge of the CB pulse, delayed by 50ns, nominal. Valid 
data is available at the outputs 0.2us after the leading edge of 
CB, see figure 4. 


ASYNCHRONOUS TOCB 


INH | | 
te 0.5us 


FIGURE 3. INHIBIT TIMING DIAGRAM 


2 5.1usec | 


DEPENDS ON d@¢/at 


<3 [] - 


| ee 02s fe 0.4-0.71:8 


FIGURE 4. CONVERTER BUSY TIMING DIAGRAM 
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TABLE 2. DIGITAL ANGLE OUTPUTS 
DEG/BIT MIN/BIT 


Note: EM enables the MSBs and EL enables the LSBs. 


Digital angle outputs are buffered and are provided in a two byte 
format. The first byte always contains the MSBs (bits 1-8) and 
is enabled by placing EM (pin 25) to logic 0. Depending on the 
user programmed resolution, the second byte will have bits 9 
through 12 or 9 through 14, while operating at 12 or 14 bit 
resolution, respectively. Placing EL (pin 26) to logic 0 enables 
the second byte, the LSBs. A logic 0 will be present on all the 
unused least significant bits. Table 2 lists the deg/bit for the 
digital angle outputs. 


An INH input, regardless of its duration, does not affect the 
converter update. A simple method of interfacing to a computer 
asynchronous to CB is: 

(1) Apply INH. 

(2) Wait 0.5us, min. 

(3) Transfer the data. 

(4) Release INH. 


As long as the converter maximum tracking rate is not exceeded, 
there will be no velocity lag in the converter output although 
momentary acceleration errors remain. If a step input occurs, 
as when the power is initially applied, the response will be crit- 
ically damped. Figure 5 shows the response to a step input. 


After initial slewing at the maximum tracking rate of the converter, 
there is one overshoot (which is inherent in a Type II servo). 
The overshoot settling to a final value is a function of the small 
signal settling time. 


MAX SLOPE EQUALS OVERSHOOT 


TRACKING RATE 
(SLEW RATE) 


/ ! 
# SMALL SIGNAL 
$< +— SETTLING TIME 


eae Gail Gl SETTLING TIME 
| 


FIGURE 5. RESPONSE TO A STEP INPUT 
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DYNAMIC PERFORMANCE : 


A Type Il servo loop (Ky = ~) and very high acceleration con- 
stants give the SDC-14532 superior dynamic performance, as 
listed in table 3. If the power supply voltages are not the +15V 
DC nominal values, the specified input rates will increase or 
decrease in proportion to the fractional change in voltage. A 
Control Loop Block Diagram is shown in figure 6, and an Open 
Loop Bode Plot is shown in figure 7. The values of the transfer 
function coefficients are shown in table 3. 


DIGITAL 
RESOLVER 
INPUT er ta 
A? ( 3 + 1) 
Open Loop Transfer Function = WHERE 
s? (-S +1) A =A,A2 
10B 


FIGURE 6. CONTROL LOOP BLOCK DIAGRAM 


w (RAD/SEC) 


FIGURE 7. OPEN LOOP BODE PLOT 


TABLE 3. DYNAMIC CHARACTERISTICS 
PARAMETER UNITS 


RESOLUTION Bits 14 
Input Frequency Hertz 360-2600 
Tracking Rate RPS min 12 
Bandwidth Hertz 135 
K, 1/sec? nom 90K 
Al 1/secnom 2.05 
A2 1/secnom 44K 

A 1/secnom 300 
B 1/secnom 150 
Settling Time ms max 150 
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CORPORATION 
0.210 MAX 
1.155 1) 4 (5.3) 
| (29.21) 0.180 MIN 
(4.6) 
TABLE 5. SDC-14532 PIN CONNECTION/FUNCTION a 1 
| PIN. | FUNCTION eee FUNCTION ° ° 
a 9 | 15 €Q.sP. 
1 (MSB) s 9 | _0:100= 1.500 
7 s3 1.755 MAX| © ae 
3 S2 (44.58) | O fe) (2.5298) 
4 S1 . . 
S BIT o fe) 
6 S re) © | 0.120 
7 CASE . Q | (3.05) 
8 NC fe) fe) + 
9 EL (LSB enable) 
10 EM (MSB enable) 0.12 t 0.018 +0. m9 (0.46 + 0.51) 
11 CB (Converter Busy) (3.09) eee 86) DIA PIN 32 REQ'D 
12 12 (LSB 12 BIT MODE) INH 
ao. ects BOTTOM VIEW SIDE VIEW 
14 14(LSB 14 BIT MODE) GND 
15 RL NC 
16 | RH +5V Notes: 


1. Dimensions are in inches (millimeters). 

2. Lead identification numbers are for reference only. 

3. Lead spacing dimensions apply only at seating plane. 

4. Pin material meets solderability requirements to MIL-STD-202E, Method 208C. 


FIGURE 8. SDC-14532 MECHANICAL OUTLINE 


ORDERING INFORMATION 


SDC-14532-XXX 


Accuracy: . 
2 = +8.5 min (12 bit) 
3 = +5.3 min (14 bit) 


Reliability Grade: 
0 = Standard DDC procedures 
1 = Fully compliant with MIL-STD-883. 
2 = Screened to MIL-STD-883 but without QCI testing. 


Temperature: 
3= O°Cto+ 70°C 
1 = =—55°C to + 125°C 


Format: 

2 = 11.8V L-L Synchro, 12 bits 

3 = 90V L-L Synchro, 12 bits 

4 = 11.8V L-L Resolver, 12 bits 

5 = 26V L-L Resolver, 12 bits 

6 = 11.8V L-L Synchro, 14 bits 

7 = 90V L-L Synchro, 14 bits 

8 = 11.8V L-L Resolver, 14 bits 
D 9 = 26V L-L Resolver, 14 bits 
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SDC-14545 


13 BIT, S/D CONVERTER 
ENHANCED LOSS-OF-SIGNAL 


DESCRIPTION 

The SDC-14545 is a small, 13 bit 
tracking 11.8V Synchro-to-Digital con- 
verter. A unique feature is its built in 
detection of any single open line of the 
five synchro lines. 


Based on a single monolithic chip, it 
is intended for those applications 
demanding the ultimate in reliability 
and "fail safe" performance. 


Call Factory For 
Specifications. 


It is supplied in a 24 pin hermatic 
DDIP package. Temperature range is 
-55°C to +125°C and is available with 
883B processing. 


APPLICATIONS 


Because of its ultra high reliability 
and high MTBF, the SDC-14545 is 
ideally suited for critical performance in 
military and commercial position con- 


FEATURES 


® Small Size 


®@ Unique Open Line Detector 


® 883B Processing Available 
trol systems. 


RH RL BIT 
, 
LOS LOS R BIT 
REFERENCE C 
DETECTOR CONDITIONER DETECTOR 
ERROR 
OPEN Ri 
Sue CONTROL DEMODULATOR 
TRANSFORMER 
DETECTOR 
HYSTERESIS INTEGRATOR 
13 BIT UP/DOWN VCO & TIMING 


COUNTER 


DATA LATCH 
13 
EN DATA 


FIGURE 1. SDC-14545 BLOCK DIAGRAM 


E-77 


BOG evice S DC-1 4545 
ps2 


sie 0.600 
eee (15.24) 
TOP VIEW 0.010 + 0.002 

ies TYP 
(0.254 + 0.051 
gong. “PIN IMMER MAX (4.826) ) 


SIDE VIEW 


Notes: 
Sara (1) Dimensions in inches (mm). 
ule (2) Lead cluster to be centralized 


_.|| 0.018 + 0.002 | 0.100 TYP within +0.010 of outline dimensions. 
(0.457 + 0.051) (2.54) (3) Pin material meets solderability 


requirements to MIL-STD-202E, 


11 EQ. SP. @ 0.100 = 1.100 Method 208C. 
TOL NONCUM (4) Pin numbers for reference only. 


(@ 2.54 = 27.94) 


FRONT VIEW 


FIGURE 2. SDC-14545 MECHANICAL OUTLINE 


ORDERING INFORMATION 


SDC-14545 - | 
Accuracy: 


1= 8min 
Reliability Grade 
0 = Standard DDC processing. 


1= Fully compliant with MIL-STD-883B, 
including full QCI testing. 


2 = Screened to MIL-STD-883B, 
but without QC Testing. 


Operating Temperature Range: 
1 = -55°C to +125°C 
2 = -25°C to +85°C 


3 =0to +70°C 
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SDC-14550 SERIES 


PROGRAMMABLE 
SYNCHRO/RESOLVER-TO-DIGITAL CONVERTERS 


DESCRIPTION 


The SDC-14550 Series are small, low- 
cost hybrid Synchro- or Resolver-to- 
Digital converters based on a 
single-chip monolithic. The completely 
self-contained unit offers program- 
mable resolution and +5Vdc opera- 
tion. The package is a 34 pin ceramic 
package (1.0 x 0.78 x 0.21"). 


Resolution programming allows selec- 
tion of 10, 12, 14, or 16 bit modes. This 
feature allows selection of either low 
resolution for fast tracking or higher 
resolution for higher accuracy. 


The velocity outputs (VEL) from the 
SDC-14550 Series, which can be used 
to replace a tachometer, are +4V signals 
referenced to analog ground with a 
linearity of 1% of output voltage. 


S1 


$3 INPUT OPTION 


CONTROL 
TRANSFORMER 


PRELIMINARY 


The converter series also offers Built- 
In-Test (BIT) outputs for each channel. 


The SDC-14550 Series converters are 
available with operating temperature 
ranges of 0°C to +70°C and -55°C to 
+125°C. 883B processing is available. 


APPLICATIONS 


With its low cost, small size, high ac- 
curacy, and versatile performance, the 
SDC-14550 Series converters are ideal 
for use in modern high-performance 
military and industrial position control 
systems. Typical applications include 
radar antenna positioning, navigation 
and fire control systems, motor control, 
and robotics. 


RH RL 


REFERENCE CONDITIONER i 


LOS 


16 BIT UP/DOWN 
COUNTER 


FEATURES 


Single 5V power supply 


10, 12, 14, or 16 bit program- 
mable resolution 


Small 34 Pin Ceramic Package 
BIT Output 


Velocity Output Eliminates 
Tachometer 


High-Reliability Single-Chip 
Monolithic 


-55°C to +125°C Operating 
Temperature Range 


883B Processing Available 


BIT 


BIT C. 
DETECTOR 


ERROR 


R, 
DEMODULATOR VEL 
B 
A 


HYSTERESIS 


INTEGRATOR 


VCO & TIMING 


DATA LATCHES 
FILTER 
Le 
ex ome 
= capacitor a be 
EM DATA EL INH A B 


FIGURE 1. SDC-14550 BLOCK DIAGRAM 
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TABLE 1. SDC-14550 SPECIFICATIONS 

These specs apply over the rated power supply, temperature, and ref- 
erence frequency ranges; 10% signal amplitude variation, and 10% 
harmonic distortion. 


PARAMETER UNIT VALUE 
programmable 10,12,14,0r 16 


RESOLUTION Bits 
ACCURACY GRADES __| Min | 


REFERENCE INPUT 
Type 


Voltage Range 

Frequency 

Input Impedance 
single ended 
differential 

Common Mode Range 


90V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Resolver Input (L-L) 
Zin single ended 
Zin differential 
Common Mode Voltage 
2V Direct Input (L-L) 
Voltage Range 


DIGITAL INPUT/OUTPUT 
Logic Type 
Inputs 


Resolution Control (A & B) 


Inhibit (INH)) 


Enable Bits 1 to 8 (EM) 
Enable Bits 9 to 16 (EL) 


Outputs 
Parallel Data 
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(RH,RL ) 


differential 
2 & 11.8V units 90V unit 
2-35 10-130 
360 - 5k see note 


60k 270k min 
120k 540k min 

50, 200, 
100 transient | 300 transient 


123k 
80k 
180 max 


52k 
34k 
30 max 


70k 
140k 
30 max 


2nom, 2.3 max 
25 cont, 100 pk transient 
20 M // 10 pF min 


TTL/CMOS compatible 

Logic 0 = 0.8V max. 

Logic 1 = 2.0V min. 

Loading =10[la max P.U. cur- 
rent source to +5V //5pF max. 
CMOS transient protected 


See Table 2. 


Logic 0 inhibits ; Data 
stable within 0.5us 
Logic 0 enables; Data stable 
within 150 ns 
Logic 1 = High Impedance 
Data High Z within 100 ns 


16 parallel lines; 2 bytes natural 
binary angle, positive logic 


SDC-14550 SERIES 


TABLE 1. SDC-14550 SPECIFICATIONS (continued) 
PARAMETER UNIT VALUE 


DIGITAL INPUT/OUTPUT 
Outputs (continued) 


Built -In-Test Logic 0 = BIT condition. 
+ 100LSBs of error with a filter 


of 500us. LOS or LOR 


Drive Capability 


Logic 0; 1 TTL load, 1.6 mA at 
0.4V max 

Logic 1; 10 TTL loads, 0.4 mA 
at 2.8V min 

CMOS | Logic 0; 100mV max 

Logic 1; +5V supply minus 

100mV min 


VELOCITY CHARACTERISTICS 


Polarity Positive for increasing angle 
Voltage Range(Full Scale) 4.5 typ 4 min 
Scale Factor 10 typ 20 max 


Scale Factor TC pem/°c | 100 typ 200 max 


Reversal Error 1 typ 2 max 
Linearity 0.5 typ 1 max 
Zero Offset 5 typ 10 max 
Zero Offset TC 15 typ 30 max 
Load 


Noise 
POWER SUPPLIES 
Nominal Voltage 
Voltage Range 
Max Volt. w/o Damage 
Current 
TEMPERATURE RANGE 


24 typ,34 max 


Operating 
-30X 0 to +70 
-10X -55 to +125 


Storage 65 to +150 
PHYSICAL 
CHARACTERISTICS 


Size 


1.00 x 0.78 x 0.21 

(25.4 x 19.8 x 5.3) 
Weight oz | 0.44 

Note: 47 - 5k for 90V, 60Hz; 360 - 5k for 90V, 400Hz 


|_Resolution | Bo | A 
} Obit | CT 
| tabit | | 
| 4bit | tT 


| 6 bit] tt 
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The SDC-14550 Series of converters are based upon a single 
chip CMOS custom monolithic. They are implemented using 
the latest IC technology, which merges precision analog circuitry 
with digital logic to form a complete high performance tracking 
resolver to digital converter. 


CONVERTER OPERATION 


Figure 1 is the Functional Block Diagram of SDC-14550 Series. 
The converter operates with a single +5Vdc power supply and 
internally generates a minus voltage of approximately 5 volts. 
This minus voltage comes out on pin S(filter point) — see 
GENERAL SETUP CONSIDERATIONS. Analog signals are 
referenced to analog ground, which is at ground potential. The 
converter is made up of three main sections; an input front-end, 
a converter, and a digital interface. The converter front-end 
differs for synchro, resolver, and direct inputs. An electronic 
Scott-T is used for synchro inputs, a resolver conditioner for 
resolver inputs and a sine and cosine voltage follower for direct 
inputs. These amplifiers feed the high accuracy Control Trans- 
former (CT). Its other input is the 16 bit digital angle 9. Its output 
is an analog error angle, or difference angle, between the two 
inputs. The CT performs the ratiometric trigonometric computa- 
tion of SIN6COSo - COS@SINd = SIN(6-) using amplifiers, 
switches, logic, and capacitors in precision ratios. 


The converter accuracy is limited by the precision of the com- 
puting elements in the CT. In these converters ratioed capacitors 
are used in the CT, instead of the more conventional precision 
ratioed resistors. Capacitors used as computing elements with 
op-amps need to be sampled to eliminate voltage drifting. 
Therefore, the circuits are sampled at a high rate to eliminate this 
drifting and at the same time to cancel out the op-amp offsets. 


The error processing is performed using the industry standard 
technique for type II tracking R/D converters. The dc error is 
integrated yielding a velocity voltage, which in turn drives a 
voltage controlled oscillator (VCO). This VCO is an incremental 
integrator (constant voltage input to position rate output), which 
together with the velocity integrator forms a type II servo feed- 
back loop. A lead in the frequency response is introduced to 
stabilize the loop and another lag at higher frequency is introduced 
to reduce the gain and ripple at the carrier frequency and above. 
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The following recommendations should be considered when 
hooking up the SDC-14550 Series converters: 


1) The power supply is +5Vdc. 
2) Direct inputs are referenced to A GND. 


3) Connect (close to the hybrid) pin 31(Analog Ground) to pin 7 
(GND). 


4) In 16-bit mode, a 104F/10Vdc tantalum filter capacitor must 
be added externally from pin S(filter point) to pin 7 (ground). 


PROGRAMMABLE RESOLUTION 


Resolution is controlled by Pins 27 and 28. The resolution can 
be changed during converter operation so the appropriate resolu- 
tion and velocity dynamics can be changed as needed. To insure 
that a race condition does not exist, between counting and 
changing the resolution, the resolution control is latched inter- 
nally. Refer to Table 2 for resolution control. 


BIT, BUILT-IN-TEST 


This output is a logic line that will flag an internal fault condition, 
LOS (Loss-Of-Signal), or LOR (Loss-Of-Reference). The inter- 
nal fault detector monitors the internal loop error and, when it 
exceeds + 1OOLSBs, will set the line to a logic 0; this condition 
will occur during a large-step input and will reset to a logic 1 
after the converter settles out. (The error voltage is filtered with 
a 500s filter.) BIT will set for an overvelocity condition because 
the converter loop can’t maintain input/output sync. BIT will 
also be set if either a LOS or LOR input occurs. 


NO FALSE 180° HANGUP 


This feature eliminates the "false 180° reading" during instan- 
taneous 180° step changes; this condition most often occurs 
when the input is "electronically switched" from a digital-to- 
synchro converter. If the "MSB"(or 180° bit) is "toggled" on and 
off, a converter without the "false 180° hangup" feature may fail 
to respond. 

The condition is artificial, as a "real" synchro or resolver 
can’t change its output 180° instantaneously. The condition is 
most often noticed during wrap-around verification tests, 
simulations, or troubleshooting. 
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SOLID-STATE BUFFER INPUT PROTECTION — TRAN- 
SIENT VOLTAGE SUPPRESSION 


The solid-state signal and reference inputs are true differential 
inputs with high ac and dc common rejection , so most applica- 
tions will not require units with isolation transformers. Input 
impedance is maintained with power off. The recurrent ac peak 
+ dc common mode voltage should not exceed the values in 
Table 1. 


The 90V line-to-line systems may have voltage transients which 
exceed the 300V specification listed in Table 1. These tran- 
sients can destroy the thin-film input resistor network in the 
hybrid. Therefore, 90V L-L solid-state input modules may be 
protected by installing voltage suppressors as shown. Voltage 
transients are likely to occur whenever a synchro is switched on 
and off. For instance a 1000V transient can be generated when 
the primary of a CX or TX input is opened. See figure 2. 


INHIBIT and ENABLE TIMING 


The Inhibit (INH) signal is used to freeze the digital output angle 
in the transparent output data latch while data is being trans- 
ferred. Application of an Inhibit signal does not interfere with 
the continuous tracking of the converter. As shown in figure 3, 
angular output data is valid S500 nanoseconds maximum after the 
application of the low-going inhibit pulse. 


Output angle data is enabled onto the tri-state data bus in two 
bytes. The Enable MSB (EM) is used for the most significant 8 
bits and Enable LSB (EL) is used for the least significant bits. 
As shown in figure 4, output data is valid 150 nanoseconds 
maximum after the application of a low-going enable pulse. The 
tri-state data bus returns to the high impedance state 100 
nanoseconds maximum after the rising edge of the enable signal. 
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FOR 90V SYNCHRO INPUTS 
$3 


RH 


HYBRID 


CR1, CR2, AND CR3 ARE IN6068A, BIPOLAR TRANSIENT 
VOLTAGE SUPPRESSORS OR EQUIVALENT. 


FIGURE 2. CONNECTIONS FOR VOLTAGE TRAN- 
SIENT SUPPRESSORS 


INHIBIT | | 


>| |e 500ns max 


MMMM 


FIGURE 3. INHIBIT TIMING 


EM OR EL | 


| ~ 150ns max 
>| i 100ns max 


/ DATA 4 
ee 


FIGURE 4. ENABLE TIMING 
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A Type II servo loop (Ky =o9) and very high acceleration 
constants give the SDC-14550 superior dynamic performance. GAIN = 4 (CRITICALLY OAMPED) 


2A 


w(rad/sec) 
1108 

1 
Se 


OPEN LOOP 
TRANSFER FUNCTION AND BODE PLOT 


| 
| 
The dynamic performance of the converter can be determined | GAIN=0.4 
from its Functional Block Diagram (figure 1), its transfer func- 
tion block diagram (figure 5), and its Bode Plots (open and 
closed loop — figure 6). Values for the transfer function block 
can be obtained from Table 3. l _ V2A(Hz) 
I 7 
| 


Ne = BW 
EN 2V2A w(rad/sec) 


The open loop transfer function is as follows: 
CLOSED LOOP 


Open Loop Transfer Function = 


FIGURE 6. BODE PLOTS 


where A is the gain coefficient 


and _ B is the frequency of lead compensation 


ACCURACY AND RESOLUTION 
VEL OUT Table 4 lists the total accuracy including quantinization for the 
various resolution and accuracy grades. 
DIGITAL 
POSITION 
OUT 
) 
TABLE 4. ACCURACY/RESOLUTION 
ACCURACY RESOLUTION (minutes 
minutes 10 BIT 12 BIT 16 BIT 
+2 +1LSB 7.3 
22 ( Ss +1) +4 +1LSB 9.3 
; B WHERE: 
Open Loop Transter Function = Ouput— Ts) K=hA. 
s* (i55+') 


TABLE 3. DYNAMIC CHARACTERISTICS 
DEVICE TYPE 


Each Channel 


Input Frequency 
Bandwidth(Closed Loop) 
Ka 


Al 


T Resolution ss; ibits || = 10Ss| 12 
Tracking Rate (rps) 
typical 
minimum rps 25.6 
Accelleration (1LSB lag) deg/s 720 180 
Setting Time (179°step max) _| msec 400 500 1,100 
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TABLES. PINOUT | | 
|1/S1R)_|S1(S)_|N.C. [34] RH (+ Reference input) 
|S2(S)_| COS(D) _|33| RL (-Reference Input) | 

ISIN(D) |s2[NC. 


|S3(S) _| '32| N.C. 

5 | Filter Point '30| VEL (Velocity Output 

16 /+5V_ (Power Supply) __—«([20( INH (inhibi) == 
|7 | GND (ground) «28 | B (Resolution ControlB) __ 
18 |EM (EnableMSBs) _—_—*[27| A(Resolution ControlA) _| 
(9 | BIT (Built-in-Test) _—«([26|EL(EnableLSBs) 
10} Bit1 (MSB) ———«([ 25] Bit 16 (LSB, 16-bitmode) _| 
Bit2 sd 


| 24 | 
23] Bits 
|Bit10 (LSB, 10-bit mode) | 22| Bit 7 
Bits SSSCSC«*d 21 | Bit 14 (LSB, 14-bit mode) —_| 
Bitty = —“‘;é‘éi Od BK 
Big = —C“(i;*~‘“C*séd Nd BRN 
17[Bit12 (LSB, 12-bitmode) |1e[Bits 
Notes: 


1. (S) = Synchro; (R) = Resolver; (D) = 2V Resolver Direct 
2. Connect (close to the hybrid) pin 31 to pin 7. 


eee 
de 
DD 


3. In 16-bit mode connect a 10,F/10Vde tantalum filter cap from pin 5 to pin 7. 
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0.210 MAX 1.0 MAX 
(5.33) (25.4) 
0.160 MIN 
(4.064) NUMBERS FOR 
REFERENCE ONLY 
0.050 
(1.270) 
| 18 32_ 34 
Sy © OOOO OQOO®@® 
OOOC OOOO 
19 33 
0.400 0.600 0.780 MAX 


(10.160) (15.240) 


(19.81) 
16 2 
_ | ©©O OOOO 
POD OOOO Ee 


t 0.018 15 | 
Je 0.008 DIA TYP 


0.203) CUA | 9.050 TYP 
0.050 el) INDEX 
(1.270) 0.100 TYP DENOTES PIN 1 
(2.54) 
0.700 
(17.78) 
0.800 
(20.32) 


NOTES: 
1. Dimensions are in inches (millimeters). 
2. Lead identification numbers are for reference only. 
3. Lead clusters shall be centered within + 0.005 (0.127) of outline dimensions. 
Lead spacing dimensions apply only at seating plane. 
4. Pin material meets solderability requirements to MIL-STD-202E, Method 208C. 
5. Case is hermetically sealed ceramic package. 


FIGURE 7. SDC-14550 MECHANICAL OUTLINE 


ORDERING INFORMATION 
SDC- 1455X - X X X 
Accuracy: 
2=4min+1LSB 
4=2min+1LSB 


Reliability: 
0 = Standard DDC procedures 
1 = 883B Processing Available* 
2 = 168 hour burn-in at 125°C* 
Operating Temperature Range: 
1 =-55 to +125°C 
3= 0 to +70°C (standard reliability only) 
Input Option: 
0 = 11.8V, Synchro, 400Hz 
1 = 11.8V, Resolver, 400Hz 
2= 90V, Synchro, 400Hz 
3= 2V, Direct, 400Hz 
4= 90V, Synchro, 60Hz 


* -55°C to +125°C temperature range only 
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SDC-14560 
SYNCHRO TO DIGITAL CONVERTER 


FEATURES 
@ PROGRAMMABLE RESOLUTION: 


DESCRIPTION 


The SDC-14560 is a series of high relia- 
bility synchro or resolver to digital con- 
verters with user programmable resolu- 
tion of 10, 12, 14, or 16 bits. Other fea- 
tures of the SDC-14560 are high quality 
velocity output and hermetic seal. 


User programmable resolution has 
been designed into the SDC-14560 to 
increase the capabilities of modern mo- 
tion control systems. The precise posi- 
tioning attained at 16 bits resolution and 
fast tracking of a 10 bit device are now 
available from one 36 pin double DIP 
hybrid. Velocity output (VEL) from the 
SDC-14560 is a ground based voltage 
of Oto + 10VDC with a linearity to 0.7%. 
Output voltage is positive for an increas- 
ing angle. 


The SDC-14560 series accepts broadband 
inputs: 360Hz to 1kHz, or 47Hz to 1kHz. 


14560 is a natural binary code, parallel 
positive logic and is TTL/CMOS compat- 
ible. Synchronization to a computer is 
accomplished via a converter busy (CB) 
and an inhibit (1NH) input. 


APPLICATIONS 


Because of its high reliability, accuracy, 
small size, and low power consumption, 
the SDC-14560 is ideal for the most 
stringent and severe industrial and mili- 
tary ground or avionics applications. All 
models are available with MIL-STD-883 
processing as a standard option. 


Designed with three state output, the 
SDC-14560 is especially well suited for 
use with computer based systems. 
Among the many possible applications 
are radar and navigation systems, fire 
control systems, flight instrumentation, 


10, 12, 14 OR 16 BITS 


HIGH QUALITY VELOCITY 


OUTPUT 


ELIMINATES TACHOMETER 


ACCURACY TO 


+1.3 ARC MINUTES 


SMALL SIZE 


SYNCHRO OR RESOLVER INPUT 


SYNTHESIZED REFERENCE 


and flight trainers or simulators. 


The digital angle output from the SDC- ELIMINATES 180° LOCK-UP 


SOLID STATE SYNCHRO INPUT OPTION SOLID STATE RESOLVER INPUT OPTION 


DIRECT INPUT OPTION 
s1> 4 s1 ee 


Lr SIN 6 SIN 6 SIN @ SIN 6 
L LVER 
S2 E ECTRONIG | S2>—41_ RESO | Beil | . 
COTT S3 po CONDITIONER = BUFFER 
3% lL cose Le cose cose >—4 Ly cose 
> Lee s4> U8 quer sanniaie Sool ee | 
INTERNAL 
V M—--$_—_________< 0c 


INPUT OPTIONS REFERENCE 


——— oe, IN 


FERENCE 
CONDITIONER 
i BIT DETECT | 


F A ben al 
vco E 
PROCESSOR . ‘j j 


1 LSB ANTIJITTER FEEDBACK 


r-~-——— SING 

| HIGH ACCURACY 

| INPUTOPTION |COSe@ CONTROL 
TRANSFORMER 


Di ieee sens as 


16 ni | CT 
ni | 


16 BITU-D 


alee COUNTER 


ANGLE @ 


50ns DELAY 


0.4-1ys 


+V —— | -_ I (ia 
3 STATE 16 BIT OUTPUT — 

aren Ke TRANSPARENT > rast valet =10V 

; INTERNAL DC 


a REF V (+5V) 


INHIBIT _ 
TRANSPARENT iNA 
LATCH 
POWER 
SUPPLY +15 
CONDITIONER 


EM BITS 1-8 ae EL | RESOLUTION CONTROL 


FIGURE 1. SDC-14560 BLOCK DIAGRAM 
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TABLE 1. SDC-14560 SPECIFICATIONS 
Apply over temperature range, power supply range, reference 
requency, and amplitude ranges; 10% signal amplitude variation; and up 
to 10% harmonic distortion in the reference. 


PARAMETER 


RESOLUTION") 10, 12, 14, or 16 
ACCURACY”) +6,+4,+2,0or+1+1LSB 
REPEATABILITY 1 max 

DIFFERENTIAL LINEARITY 1 max in the 16th bit 


REFERENCE INPUT 

CHARACTERISTICS 

Carrier Frequency Ranges 
Nominal 400 Hz Units 360-1000 
Nominal 60 Hz Units 47-1000 

Voltage Range 4-130 

Input Impedance 
Single Ended 
Differential 

Common Mode Range 


250K min 

500K min 

210 peak max 

500 transient peak 


SIGNAL INPUT 
CHARACTERISTICS 


(voltage options and minimum 
input impedance balanced) 


Synchro 11.8VL-L 9OVL-L 
Zin Line to Line 17.5K 130K 
Zin Each Line to Gnd 11.5K 85K 

Resolver 11.8VL-L 26VL-L 
Zin Single Ended 23K 50K 
Zin Differential 46K 100K 
Zin Each Line to Gnd 23K 50K 
Common Mode Range 60 max 60 max 

Direct (1.0VL-L) 


Input Signal Type Sin and Cos resolver sig- 


nals referenced to conver- 
ter internal DC reference V. 


1V nominal, 1.15V max 

15V continuous 

100V Peak Transient 

Zin >20M//10pf 
voltage follower 


REFERENCE SYNTHESIZER 
+Sig/Ref Phase Shift 60 typ, 45 min 


DIGITAL INPUT/OUTPUT 
Logic Type TTL/CMOS compatible 
Inputs Logic 0 = 0.8V max 
Logic 1 = 2.0V min 


Loading = 10uA max P.U. 
current source 

to +5V/5pf max 

CMOS transient protected 
Logic 0 inhibits 

Data stable after 0.5us 
Logic 0 enables, 

Logic 1 High Z 

Logic 0 enables, 

Logic 1 High Z 

Logic 0 for use as CT 


_B | A {Resolution _| 


Sin/Cos Voltage Range 
Max Voltage w/o Damage 


Input Impedance 


Inhibit (1 NH) 


Enable Bits 1 to 8 (EM) 


Enable Bits 9 to 16 (EL). 


S (Control Transformer) 


Resolution Control (A & B) 


(Unused Output Data 
Bits Are Set to 0) 
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TABLE 1. SDC-14560 SPECIFICATIONS (Contd) 
PARAMETER UNIT VALUE 


Output Parallel Data bits 10, 12, 14, or 16 parallel 
lines; natural binary angle, 
positive logic 


0.4to1 «S positive pulse; 
leading edge initiates 
counter update. 


Logic 0 for fault. 
50 pF plus rated logic drive. 


Logic 0; 1 TTLload, 
1.6 mA at 0.4V max 


Logic 1;10 TTLloads, 
0.4mA at 2.8V min 


High Z; 10uA/SpF max 

Logic 0; 100mV max 
driving CMOS 

Logic 1; + 5V supply minus 

100mV min driving CMOS 


Converter Busy (CB) 


BIT 
Drive Capability 


ANALOG OUTPUTS 
Velocity (VEL) 
AC error (e) 


| See tables 3 and 4 
mVrms | 50 per LSBof error 


i (10 bit mode) 
| 25 per LSB of error 
| (12 bit mode) 
12.5 per LSB of error 
(14 bit mode) 
6.3 per LSB of error 
(16 bit mode) 
KOhm | 3min 
DYNAMIC 
CHARACTERISTICS See table 3. 
POWER SUPPLY 
CHARACTERISTICS 
Nominal Voltage +15V +5V¥V —15V 
Voltage Range +% 5 10 5 
Max Voltage w/o Damage V +18 +68 —18 


Current 15 


TEMPERATURE RANGES 


25 10 


Operating 
—30X °C Oto+ 70 
—10X a =§5t0 +125 


Storage °C 


PHYSICAL 
CHARACTERISTICS 


Size 


—65 to +150 


1.9x0.78x0.21 
(48.3 x 19.8x 5.3) 


36 Pin Double Dip 
oz =| 0.7 max (20g) 


in. (mm) 


Weight 


Note: 
(1) Pin programmable. 
(2) See table 7. 


TECHNICAL INFORMATION 


The information in this section describes the structure of the 
SDC-14560 and its operation. 


INTRODUCTION 


The circuit shown in Figure 1, the SDC-14560 Block Diagram, 
consists of three main parts: the signal input; a feedback loop, 
whose elements are the control transformer, demodulator, error 
processor, VCO and up-down counter; and digital interface cir- 
Cuitry including various latches and buffers. 
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SIGNAL INPUTS 


The SDC-14560 series offers three input options: synchro, resol- 
ver, and direct. In a synchro or resolver, shaft angle data is 
transmitted as the ratio of carrier amplitudes across the input 
terminals. Synchro signals, which are of the form sin@écosat, 
sin(@ + 120°)coswt, and sin(@ + 240°)coswt are internally con- 
verted to resolver format; sinécoswt and cosécosat. Direct inputs 
accept 1Vrms inputs in resolver form, (sinédcoswt and cosécosat) 
and are buffered prior to conversion. Figure 2 illustrates synchro 
and resolver signals as a function of the angle 6. 


The solid state signal and reference inputs are true differential 
inputs with high AC and DC common mode rejection. Input im- 
pedance is maintained with power off. 


S1 —§3 = Vax SIN@ 


+ Viaax 
le 
sV\ /\ ./\ 
£66 
oo 
gee 
cEs 


— S3—S2 = VayaxSIN(@ + 120°) 
—— $2-S1 = ViyaxSIN(6 + 240°) 


Standard Synchro Control Transmitter (CX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ). 


S2—S4 = VisaxCOSe@ 


< 
= 
> 
x 


—>> 


d 
3x 
>a 
2O2 0 = 
Bod 300 330 360! 
oO 
cts 
<= 
crs 
— Vax 


S1 S3 = VasaxSIN@ 


Standard Resolver Control Transmitter (RX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ) With R2-R4 Excited. 


FIGURE 2. SYNCHRO AND RESOLVER SIGNALS 


FEEDBACK LOOP 


The feedback loop produces a digital angle # which tracks the 
analog input angle 6 to within the specified accuracy of the 
converter. The control transformer performs the following 
trigonometric computation: 
sin(@ — o) = siné cosd@ — cosé sing 

where @ is the angle representing the resolver shaft position, 
and @ is the digital angle contained in the up/down counter. The 
tracking process consists of continually adjusting ¢ to make (6 
— ¢) —® 0, so that ¢ will represent the shaft position 6. The 
output of the demodulator is an analog DC level proportional to 
sin(@ — ). The error processor receives its input from the demod- 
ulator and integrates this sin(@ — @) error signal which then 
drives a Voltage Controlled Oscillator (VCO). The VCO’s clock 
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pulses are accumulated by the up/down counter. The velocity 
voltage accuracy, linearity and offset are determined by the qual- 
ity of the VCO. Functionally, the up/down counter is an incremen- 
tal integrator. Therefore, there are two stages of integration which 
make the converter a Type II tracking servo. In a Type II servo, 
the VCO always settles to a counting rate which makes dd/dt 
equal to dé/dt without a lag. The output data will always be fresh 
and available as long as the maximum tracking rate of the con- 
verter is not exceeded. 

The converter automatically zero-sets all of the internal op amps 
twice per carrier cycle near the zero crossings of the reference. 
This contributes to the converter’s superior dynamic performance. 


SYNTHESIZED REFERENCE 


The synthesized reference section of the SDC-14560 eliminates 
errors caused by quadrature voltage. Due to the inductive nature 
of synchros and resolvers, their signals lead the reference signal 
(RH and RL) by about 6°. When an uncompensated reference 
signal is used to demodulate the control transformer’s output, 
quadrature voltages are not completely eliminated. In a 12 or 
14 bit converter it is not necessary to compensate for the refer- 
ence signal’s phase shift. A 6° phase shift will, however, cause 
problems for the one minute accuracy converters. As shown in 
figure 1, the converter synthesizes its own cos(wt + a) reference 
signal from the sinécos(wt + a), cosécos(wt + a) signal inputs 
and from the coswt reference input. The phase angle of the syn- 
thesized reference is determined by the signal input. The refer- 
ence input is used to choose between the +180° and —180° 
phases. The synthesized reference will always be exactly in 
phase with the signal input, and quadrature errors will therefore 
be eliminated. The synthesized reference circuit also eliminates 
the 180° false error null hangup. 


Quadrature voltages in a resolver or synchro are by definition 
the resulting 90° fundamental signal in the nulled out error voltage 
(e) in the converter. A digital position error will result due to the 
interaction of this quadrature voltage and a reference phase shift 
between the converter signal and reference inputs. The mag- 
nitude of this error is given by the following formula: 


Error = Quad/F.S signal * tan(a) 


Where: 

Error is in radians 

Quad/F.S. signal is per unit quadrature input level. 

a = signal to reference phase shift in degrees. 

A typical example of the magnitude of this source of error is 
as follows: 


Quad/F.S. signal = .001 
a=6 
Error = .35 min ~1 LSB in the 16th bit. 
Note: Quad/F.S is composed of static quadrature which is 
specified by the resolver or synchro supplier plus the speed 
voltage which is given by: 

Speed Voltage = rotational speed/carrier frequency 


Where: 
Speed Voltage is the per unit ratio of electrical rotational 
speed in RPS divided by carrier frequency in Hz. 


This error is totally negligible for up to 14 bit converters. For 16 
bit converters where the highest accuracy possible is needed 
and where the quadrature and phase shift specifications can be 
higher, this source of error could be significant. The reference 
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synthesizer circuit in the converter which derives the reference 
from the input signal essentially sets a to zero resulting in com- 
plete rejection of the quadrature. 


DIGITAL INTERFACE 


The digital interface circuitry has three main functions: to latch 
the output bits during an inhibit command so that the stable data 
can be read; to furnish both parallel and three-state data formats; 
and to act as a buffer between the internal CMOS logic and the 
external TTL logic. 


In the SDC-14560, applying an inhibit command will lock the 
data in the transparent latch without interfering with the continu- 
ous tracking of the feedback loop. Therefore, the digital angle 
is always updated, and the inhibit can be applied for an arbitrary 
amount of time. The inhibit transparent latch and the 50ns delay 
are part of the inhibit circuitry. The inhibit circuitry is described 
in detail in the logic input/output section. 


LOGIC INPUT/OUTPUT 


Logic angle outputs consist of 10, 12, 14 or 16 parallel data bits 
and CONVERTER BUSY (CB). All logic outputs are short-circuit 
proof to ground and +5 volts. The CB output is a positive, 0.4 
to 0.7us pulse. Data changes about 50ns after the leading edge 
of the pulse because of an internal delay. Data is valid 0.2us 
after the leading edge of CB, the angle is determined by the 
sum of the bits at logic “1”. Digital outputs are three-state and 
two bytes wide; bits 1-8 (MSBs) are enabled by the signal EM, 
bits 9-16 (LSBs) are enabled by the signal EL. Outputs are valid 
(logic “1” or “O”) 150ns max after setting EM or EL low, and are 
high impedance within 100ns max of setting EM or EL high. 
Both EM and EL are internally pulled-up to +5V at 104A max. 


The inhibit (INH) input locks the transparent latch so the bits 
will remain stable while data is being transferred (see figure 1). 
The output is stable 0.5us after INH is driven to logic “O”, see 
figure 3. A logic “O” at the T input latches the data, and a logic 
“1” applied to T will allow the bits to change. The inhibit transpar- 
ent latch prevents the transmission of invalid data when there 
is an overlap between CB and INH. While the counter is not 
being updated, CB is at logic “0” and the INH latch is transparent. 


ASYNCHRONOUS TO CB 


ata ALLL LA SM VALY, 


FIGURE 3. INHIBIT TIMING DIAGRAM 


When CB goes to logic “1”, the INH latch is locked. If CB occurs 
after INH has been applied, the latch will remain locked and its 
data will not change until CB returns to logic “0”; if INH is applied 
during CB, the latch will not lock until the CB pulse is over. The 
purpose of the 50ns delay is to prevent a race condition between 
CB and INH where the up-down counter begins to change as 
an INH is applied. Whenever an input angle change occurs, the 
converter changes the digital angle in 1 LSB steps and generates 
a converter busy pulse. Output data change is initiated by the 
leading edge of the CB pulse, delayed by 50ns, nominal. Valid 


E-88 


SDC-14560 


data is available at the outputs 0.2us after the leading edge of 
CB, see figure 4. 


| 6.1 ws MIN | 


DEPENDS ON dd¢/dt 


o [7 7 


we be 02s fe 0-4-0718 


on ono _V 
4 4 


FIGURE 4. CONVERTER BUSY TIMING DIAGRAM 


RESOLUTION CONTROL 


Resolution control is via two logic inputs, A and B. The resolution 
can be changed during converter operation so the appropriate 
resolution and velocity dynamics can be changed as needed. 
To insure that no race conditions exist between counting and 
changing the resolution, inputs A and B are latched internally 
on the trailing edge of CB, as illustrated in figure 5. 


CB 
—e| KE OusMIN 


1 | 
0.1 us MIN ba 


A,B 


FIGURE 5. RESOLUTION CONTROL TIMING DIAGRAM 


Digital angle outputs are buffered and are provided in a two byte 
format. The first byte always contains the MSBs (bits 1-8) and 
is enabled by placing EM (pin 26) to logic “O”. Depending on the user 
programmed resolution, the second byte will have bits 9 and 10, 
9 through 12, or 9 through 14, while operating at 10, 12, or 14 bit 
resolution, respectively. Placing EL (pin 25) to logic “O” enables the 
second byte, the LSBs. A logic “O” will be present on all the unused 
least significant bits. Table 2 lists the deg/bit for the digital angle 
outputs. 


TABLE 2. DIGITAL ANGLE OUTPUTS 


DEG/BIT MIN/BIT 


Note: EM enables the MSBs and EL enables the LSBs. 
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BUILT IN TEST 

The Built-In-Test output (BIT) monitors the level of error (D) from 
the demodulator. D represents the difference in the input and 
output angles and ideally should be zero, if it exceeds ap- 
proximately 65 LSBs (of the selected resolution) the logic level at 
BIT will change from a logic 1 to logic 0. This condition will occur 
during a large step and reset after the converter settles out. BIT 
will also change to logic 1 for an over-velocity condition, because 
the converter loop cannot maintain input-output or and if the 
converter malfunctions where it cannot maintain the loop at a null. 
BIT will also be set if a total Loss-of-Signal (LOS) and/or a 
Loss-of-Reference (LOR) occurs. 

DYNAMIC PERFORMANCE 

A Type Il servo loop (Ky = ~) and very high acceleration con- 
stants give the SDC-14560 superior dynamic performance, as 
listed in table 2. If the power supply voltages are not the +15V 
DC nominal values, the specified input rates will increase or 
decrease in proportion to the fractional change in voltage. A 
Control Loop Block Diagram is shown in Figure 6, and an Open 


VEL OUT 


ERROR 
PROCESSOR 


DIGITAL 
RESOLVER 
INPUT ae 


e(§ +1) 
Open Loop Transfer Function = : WHERE 
s? (+1) A =A,Ao 
10B 


w(RAD/SEC) 


FIGURE 7. OPEN LOOP BODE PLOT 


SDC-14560 


Loop Bode Plot is shown in Figure 7. The values of the transfer 
function coefficients are shown in table 3. 


An inhibit input, regardless of its duration, does not affect the 
converter update. A simple method of interfacing to a computer 
asynchronously to CB is: (A) apply the inhibit, (B) wait 0.5us 
min., (C) transfer the data and (D) release the inhibit. 


As long as the converter maximum tracking rate is not exceeded, 
there will be no lag in the converter output. If a step input occurs, 
as when the power is initially applied, the response will be crit- 
ically damped. Figure 8 shows the response to a step input. 


MAX SLOPE EQUALS OVERSHOOT 


TRACKING RATE 
(SLEW RATE) 


/ | 
PA SMALL SIGNAL 
, — SETTLING TIME 


ee ae SETTLING TIME 
| 


FIGURE 8. RESPONSE TO A STEP INPUT 


After initial slewing at the maximum tracking rate of the converter, 
there is one overshoot (which is inherent in a Type II servo). 
The overshoot settling to final value is a function of the small 
signal settling time. For Velocity output, the simple filter shown 
in figure 9 will eliminate the one overshoot for step velocity input 
and will filter the carrier frequency ripple. 


91K 
VEL 


(pin 23) 


OUTPUT 


Als 0.1 uf es a 


FIGURE 9. VELOCITY FILTER 


ANALOG OUTPUTS 


The analog outputs are velocity (VEL) and AC error (e). Both 
outputs can swing +10V min. with respect to ground when the 
voltage level of the +15V power supplies are 15V. The output 
level range changes proportionally if the power supply levels, are 
not at 15V. 


TABLE 3. DYNAMIC CHARACTERISTICS 


BANDWIDTH 


10 16 10 12 14 16 


RESOLUTION BITS 
Input Frequency Hertz 
Tracking Rate 
Bandwidth Hertz 
K, 1/sec* nom 
Al 1/sec nom 
1/sec nom 
1/sec nom 
1/sec nom 
Deg/sec* nom 
ms max 


acc-1 LSBlag 
Settling Time 


Note: * means same as value to the left. 


12 14 
360-1000 
RPS min 40 


1.1K 260 66 
150 350 600 1000 
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The AC error, e, is proportional to the error (@ — ¢) with a scaling 
of 50mV/LSB (10 bit mode), 25mV/LSB (12 bit mode), 12.5mV/ 
LSB (14 bit mode), and 6.3mV/LSB (16 bit mode). Velocity output 
characteristics are listed in table 4. 


TABLE 4. VELOCITY CHARACTERISTICS 
STANDARD HI LIN 
iecceicanlii UNITS [-tvP | MAX | TYP | MAX! 


Polarity Positive for increasing angle. 


Output Voltage V +13 +10min 

Voltage Scaling RPS/10V See Voltage Scaling Table 5. 
Scale Factor % fo) 10 5 10 
Scale Factor TC PPM/°C 100 200 100 200 
Reversal Error % 1 2 0.5 0.7 
Reversal Error TC PPM/°C 25 50 25 50 
Linearity % Output 1 2 0.5 0.7 
Linearity TC PPM/°C 2a 50 25 50 
Zero Offset mv 15 40 15 40 
Zero Offset TC uV/°C 25 

Load K ohm 


VELOCITY OUTPUT 


The Velocity output (VEL) from the SDC-14560 is a DC voltage 
proportional to angular velocity dé6/dt = dd/dt. The velocity input 
is the second integrator, as shown in figure 6. Its linearity is 
dependent solely on the linearity of the voltage controlled oscil- 
lator (VCO). Due to the highly linearized VEL output, the elec- 
tromechanical tachometer can now be eliminated from motion 
control systems. Bandwidth (BW) and the acceleration constant 
(K,) can be determined from the formula shown: 


BW(Hz) = BW(rad/sec)/27 
Kk = A 


Outputs e and VEL are not required for normal operation of the 
converter. V is used as an internal DC reference with the direct 
input option. Maximum loading on V is 40K Ohm; maximum loading 
for e and VEL is 3K Ohm. The velocity characteristics are shown 
in tables 4 and 5. 


TABLE 5. VELOCITY VOLTAGE SCALING 


RESOLUTION 
BW (values in RPS/Volt) 


HI 16 4 1 0.25 
LO a 1 O25 0.063 


Note: If the resolution is changed while the input is changing, then the velocity 
output voltage and the digital output will have a transient until it settles to 
the new velocity scaling at a speed determined by the bandwidth. If additional 
information is required, consult the factory. 


Output e is not closely controlled or characterized. Consult the 
factory for further information. 


Figures 10, 11 and 12 are the synchro, resolver, and direct input 
connection diagrams, respectively. 
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REFERENCE 
OSCILLATOR 
LO HI 


CB (COUNT) 


VEL (VELOCITY) 


PARALLEL 
DATA 


INH (INHIBIT) 


ROTOR 
STATOR 


EL OEM 
FIGURE 10. SYNCHRO INPUT CONNECTION DIAGRAM 


REFERENCE 

OSCILLATOR 

LO HI 
a 


CB (COUNT) 


VEL (VELOCITY) 


PARALLEL 
DATA 


INH (INHIBIT) 


ROTOR 
STATOR 


EL —M 
FIGURE 11. RESOLVER INPUT CONNECTION DIAGRAM 


REFERENCE 
OSCILLATOR 


LO HI 
fed 


CB (COUNT) 


VEL (VELOCITY) 


PARALLEL 
DATA 


INH (INHIBIT) 


sTaTOR ROTOR 


EL EM 
FIGURE 12. DIRECT INPUT CONNECTION DIAGRAM 


BOG 


ILC DATA DEVICE 
CORPORATION 


TABLE 6. SDC-14560 PIN CONNECTION/FUNCTIONS 


FUNCTION 


$1(S) 
S2 S$2(S) + 
$3(S) 


EM 

EL 

CB 

VEL 

16 (LSB-16 BIT MODE) 
15 
RL 
RH 


OOAONDO AAP WN — 


10(LSB-10 BIT MODE) 
11 
12(LSB-12 BIT MODE) 
13 
14 (LSB-14 BIT MODE) 


a ek ak ek eK ek a 
ANODOAWN (I DODOAANWDWAAWND — 


Note: “(R)” means resolver, “(S)” means synchro, and “(X)” means direct. 


TABLE 7. OVERALL ACCURACY (MIN.) VS. RESOLUTION 
One RESOLUTION PROGRAMMED TO: 
(minutes) | tobit | rabit [ t4bit [ 16bi 
+1+1LSB . : 1.3 
+2+1LSB 
+4+1LSB 


+6 +1LSB 


SDC-14560 


CT MODE 


The SDC-14560 can also be used as a solid state Control Trans- 
former. This is analogous to the function of the rotary control 
transformer except here the rotary shaft input is replaced by a 
digital angle. Referring to the equation below, the output is an 
AC voltage (e) which varies as the sine of the difference between 
the analog input angle and the digital angle. 


e = sin(@ — d)cosat 


Control transformers are frequently used as error signal 
generators in closed servo loops. They are useful when digital 
remote control of a position servo must be accomplished. 


Figure 13 illustrates a block diagram of the Control Transformer 
(CT) mode. The procedure to enable this function is to disable 
the up-down counter by setting S (pin 30) to logic “0” and using 
the digital output lines (which are bidirectional) as digital inputs. 


When the converter is functioning as a CT, the digital inputs are 
double buffered, EM is redefined as LM (LATCH MSBs), EL is 
redefined as LL (LATCH LSBs) and INH becomes LA (LATCH 
ALL.) 


TRANSFORMERS 


Figure 14 illustrates the Transformer Connection Diagram. 
These transformers are designed for the voltage follower buffer 
input option to the SDC-14560. However, the reference trans- 
formers may also be used with the solid state buffer input options. 


Passive transformers are considerably larger in size for 60Hz 
than for 400HZz. To minimize size, active transformers are utilized 
over passive devices for 60Hz. These active 60Hz transformers 
have op-amp outputs and require connection to a +15V power 


supply. 


RESOLVER 
INPUT > H————-sI1Ne 


HIGH ACCURACY 
st INPUTOPTION |cose CONTROL 
TRANSFORMER 


LA (INH) 16 BIT CT 
TRANSPARENT 
LATCH 
DIGITAL 
ANGLE ¢ 


+5V —— ge 


16 BIT 
U-D COUNTER 
‘ocounTeR [| 


ta 


1-8 9-16 
LM(EM) LL(EL) 


SOLID STATE RESOLVER INPUT OPTION 


po oO ~ 


— 
ELECTRONIC [-® SINé S2>—_—s REsoLveR [/-® SIN@ 
s2>—+ SCOTT T 


S3>—{ CONDITIONER }—m cose cose >— BUFFER 
| | 


INPUT OPTIONS 


DIRECT INPUT OPTION 


| 
SIN6é >——+ VOLTAGE 


2 SINE 
FOLLOWER 


INTERNAL 


Vv oC 
REFERENCE 


-15V 


+10N powersupp.y |*!°¥ 
REF V (+5V) sina 


B 


RESOLUTION CONTROL 


FIGURE 13. CT MODE BLOCK DIAGRAM 
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400 Hz SYNCHRO TRANSFORMER T1 21044 OR 21045 
3 


SDC-14567 
SDC-14569 


SYNCHRO 
INPUT 


SDC-14560 


60 Hz SYNCHRO TRANSFORMER 24126 


S3 
SYNCHRO so : 
eur = SDC-14568 


+15V 


H 
SDC-14567 
SDC-14569 


SDC-14568 


FIGURE 14. TRANSFORMER CONNECTION DIAGRAM 


SDC-14567 
RESOLVER SDC-14569 
INPUT 
0.09 + 0.01 
(2.3 + 0.25) 
1.700 + 0.005 
(43.2 + 0.13) 
lo oRooxoloxoxolowoweoRemeokokonenene) 
| 6 19 
0.775 + 0.005 0.600 + 0.005 
(19.7 + 0.13) TOP VIEW (15.2 + 0.13) 
DOT 1 18 


OCoO00N0N0N0NNNNCNO OCC 000N0 


1.895 + 0.005 
(48.1 + 0.13) a 0.086 TYP 


RADIUS 


0.10+ 0.01 


0.100 TYP (2.54) 0.055 (1.4) 
0.015 MAX | TOL. NON. RAD TYP 
(0.39) ai CUMULATIVE 
ar? 4) 0.018 (0.46) 
, DIAM TYP 


Notes: 
1. Dimensions are in inches (millimeters). 
2. Lead identification numbers are for reference only. 


3. Lead clusters shall be centered within +0.0 1 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 


4. Pin material meets solderability requirements to MIL-STD-202E, 
Method 208C. 


5. Case is electrically floating. 


FIGURE 15. SDC-14560 MECHANICAL OUTLINE, 36 PIN DDIP 
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ORDERING INFORMATION 
SDC-1456X-XXX 


Accuracy: 1=6min. +1LSB 
2=4min. +1LSB 
4=2min.+1LSB 
5=1min.+1LSB 


Reliability Grade: 
O = Standard DDC procedures. 


1 = Fully compliant with 
MIL-STD-883. 


2 = Screened to MIL- 
STD-883 but without 
QCI testing. 


—— Operation temperature range: 
1 = —55°C to + 125°C 
= 0°C to + 70°C 


— Configuration: 0 = 11.8V, 400Hz, Synchro 
1 = 90V, 400Hz, Synchro 
2 = 90V, 60Hz, Synchro 
3 = 11.8V, 400Hz, Synchro, 
hi lin velocity 
4 = 26V, 400Hz, Resolver 
5 = 11.8V, 400Hz, Resolver 
6 = 11.8V, 400Hz, Resolver, 
hi lin velocity 
7 = 1V, 400Hz, Direct Resolver 
8 = 1V, 60Hz, Direct Resolver 
9 = 1.0V, 400Hz, Direct Resolver 
hi lin velocity 


Drawings to DESC format available from factory. 


D[o[c 


ILC DATA DEVICE 
CORPORATION 


SDC-14570/75 SERIES 
14 & 16 BIT TRACKING S/D CONVERTERS 


DESCRIPTION 


The SDC-14570/75 Series are small 
low cost Synchro- or Resolver-to-Digi- 
tal Converters based upon a single chip 
monolithic. A completely self-con- 
tained 14- or 16-bit synchro converter is 
housed in the SDC-14570/75 Series 
small 1.0" x 0.8" package. The SDC- 
14570 is fixed at 14 bits, the SDC-14575 
is pin-programable 14 or 16 bits. 


The velocity output (VEL) from the 
SDC-14570/75 Series, which can be 


ranges of 0°C to +70°C and -55°C to 
+125°C, and 883B processing is avail- 
able. 


APPLICATIONS 


With its low cost, small size, high ac- 
curacy, and versatile performance, the 
SDC-14570/75 Series converters are 


FEATURES 


Fixed 14 or 14/16 Bit Programable 


BIT for ERROR, LOS, or LOR 


No 180° Hangup 


Small Size 1.0" X 0.8" Package 


Low Cost 


Velocity Output Eliminates 
Tachometer 


High Reliability Single Chip 


used to replace a tachometer, is a4V__ ideal for use in modern, high-perfor- Monolithic 
signal referenced to ground with a mance military and industrial position 
linearity of 1% of output voltage. control systems. Typical applications | ® -55°C to +125°C Operating 


SDC-14570/75 Series converters are 
available with operating temperature 


include radar antenna positioning, 
navigation and fire control systems, 
motor control, and robotics. 


+REF -REF 


REFERENCE CONDITIONER : 


Temperature Range 


883B Processing Available 


BIT 
BIT C, 
DETECTOR 


S1 7 
s3 Moe are a TRANSFORMER VEL 
S4 
HYSTERESIS INTEGRATOR 
E 


14/16 BIT UP/DOWN 
COUNTER 


VCO & TIMING 


DATALATCH |«——— 
8 | 
EM DATA EL INH =A CB 


FIGURE 1. SDC-14570/75 BLOCK DIAGRAM 
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TABLE 1. SDC-14570/75 SPECIFICATIONS 


These specs apply over the rated power supply, temperature, and ref- 
erence frequency ranges; 10% signal amplitude variation, and 10% 
harmonic distortion. 


[RESOLUTION | Bits | 14 | 6 
accuracy | Min | 4+11SB | 2+11SB __ 


SDC-14570/75 SERIES 


TABLE 1. SDC-14570/75 SPECIFICATIONS (continued) 
PARAMETER UNIT VALUE 


DIGITAL INPUT/OUTPUT 


Outputs (continued) 
Built-In-Test (BIT) 


Logic 0 = BIT condition. 

+ 100 LSBs of error with a filter 
of 500us. LOS or LOR 

Drive Capability 50 pF + 

Logic 0; 1 TTL load, 1.6 mA at 


REFERENCE INPUT 
Type 


Voltage Range 

Frequency 

Input Impedance 
single ended 
differential 

Common Mode Range 


90V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Resolver Input (L-L) 
Zin single ended 
Zin differential 
Common Mode Voltage 
2V Direct Input (L-L) 
Voltage Range 
Max Voltage No Damage 
Input Impedance 
DIGITAL INPUT/OUTPUT 
Logic Type 
Inputs 


Resolution Control (A) 


Inhibit (INH) 


Enable Bits 1 to 8 (EM) 
Enable Bits 9 to 14(16) (EL) 


Outputs 
Parallel Data (1-16) 


Converter Busy (CB) 
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(+REF, -REF) 
differential 


270k min 
540k min 
200, 

300 transient 


140k 
30 max 


2 nom, 2.3 max 
25 cont, 100 pk transient 
20 M // 10 pF min 


TTL/CMOS compatible 

Logic 0 = 0.8V max. 

Logic 1 = 2.0V min. 

Loading =10,1a max P.U. cur- 
rent source to +5V //5pF max. 
CMOS transient protected 


SDC-14575 Series only. 
30k pull-down to GND. 
Open = 14 bits; +5V = 16 bits 
Logic 0 inhibits ; Data 
stable within 0.5j1s 
Logic 0 enables; Data stable 
within 150 ns 
Logic 1 = High Impedance 
Data High Z within 100 ns 


8 parallel lines; 2 bytes natural 
binary angle, positive logic 


0.3 - 1.0 positive pulse. 
Data val 


DYNAMIC CHARACTERISTICS 


Input Frequency 
Bandwidth(Closed Loop) 
Ka 

Al 


Resolution 
Tracking Rate 

typical 

minimum 
Accelleration (1LSB lag) 
Settling Time (179°ste 


Polarity 

Voltage Range(Full Scale) 
Voltage Scaling 
Scale Factor 
Scale Factor TC 
Reversal Error 
Linearity 

Zero Offset 
Zero Offset TC 
Load 

Noise 


POWER SUPPLIES 
Nominal Voltage 
Voltage Range 
Max Volt. w/o Damage 
Current 

TEMPERATURE RANGE 
Operating 

-30X 
-10X 
Storage 

PHYSICAL 

CHARACTERISTICS 
Size 


0.4V max 
Logic 1; 10 TTL loads, -0.4 mA 
at 2.8V min 
Logic 0; 100mV max driving 
CMOS 
Logic 1; +5V supply minus 
100mV min driving CMOS 
Device Type 
400Hz 


0.31 10 
0.25 8 
45 | 1160 
2500 | 140 


Positive for increasing angle 
4.5 typ, 4 min 


0 to +70 
-55 to +125 
65 to +150 


0.98 x 0.78 x 0.2 
(24.9 x 19.8 x 5.1) 
0.66 


OC 


ILC DATA DEVICE 
CORPORATION 


THEORY OF OPERATION 


The SDC-14570/75 Series of converters are based upon a single 
chip CMOS custom monolithic. They are implemented using 
the latest IC technology which merges precision analog circuitry 
with digital logic to form a complete high performance tracking 
resolver to digital converter. 

Figure 1 is the Functional Block Diagram of SDC-14570 
Series. The SDC-14570 Series is fixed at 14 bits. The SDC- 
14575 is pin programable for 14- or 16-bit operation using 
resolution control line "A". A logic 0 (open line) will select 14 
bits; a logic 1 will select 16-bit operation. The converter operates 
with + 5Vdc power supplies. Analog signals are referenced to 
analog ground, which is at ground potential. The converter is 
made up of three main sections; an input front-end, a converter, 
and a digital interface. The converter front-end differs for 
synchro, resolver and direct inputs. An electronic Scott-T is used 
for synchro inputs, a resolver conditioner for resolver inputs and 
a sine and cosine voltage follower for direct inputs. These 
amplifiers feed the high accuracy Control Transformer (CT). Its 
other input is the 14 bit digital angle 9. Its output is an analog 
error angle, or difference angle, between the two inputs. The CT 
performs the ratiometric trigonometric computation of 
SIN6COS6 - COSOSIN® = SIN(6-6) using amplifiers, switches, 
logic and capacitors in precision ratios. 

The converter accuracy is limited by the precision of the 
computing elements in the CT. In these converters ratioed 
Capacitors are used in the CT, instead of the more conventional 
precision ratioed resistors. Capacitors used as computing ele- 
ments with op-amps need to be sampled to eliminate voltage 
drifting. Therefore, the circuits are sampled at a high rate to 
eliminate this drifting and at the same time to cancel out the 
op-amp offsets. 

The error processing is performed using the industry stand- 
ard technique for type II tracking R/D converters. The dc error 
is integrated yielding a velocity voltage which in turn drives a 
voltage controlled oscillator (VCO). This VCO is an incremental 
integrator (constant voltage input to position rate output) which 
together with the velocity integrator forms a type II servo feed- 
back loop. A lead in the frequency response is introduced to 
stabilize the loop and another lag at higher frequency is intro- 
duced to reduce the gain and ripple at the carrier frequency and 
above. 


TRANSFER FUNCTION AND BODE PLOT 

The dynamic performance of the converter can be determined 
from its Functional Block Diagram and its Bode Plots (open and 
closed loop); These are shown in figures 1 and 2. 


The open loop transfer function is as follows: 


Open Loop Transfer Function = 


where A is the gain coefficient 
and _ B is the frequency of lead compensation 


The components of gain coefficient are error gradient, integrator 


SDC-14570/75 SERIES 


gain, and VCO gain. These can be broken down as follows: 
- Error Gradient = 0.011 volts per LSB (CT+Error Amp+Demod) 


- Integrator gain = Re volts per second per volt 
1™1 


- VCO Gain = LSBs per second per volt 


1 
1.25RvCv 


GENERAL SETUP CONSIDERATIONS 


The following recommendations should be considered when 
hooking up the SDC-14570 Series converters: 


1) Power supplies are + 5Vdc. For lowest noise performance it is 
recommended that a 0.1 wF or larger cap be connected from 
each supply to ground near the converter package. 


2) Direct inputs are referenced to Analog Ground. 


3) Digital Ground should be connected to Analog Ground as close 
to the package as possible. 


INHIBIT and ENABLE TIMING 


The Inhibit (INH) signal is used to freeze the digital output angle 
in the transparent output data latch while data is being trans- 
ferred. Application of an Inhibit signal does not interfere with 
the continuous tracking of the converter. As shown in figure 3, 
angular output data is valid 500 nanoseconds maximum after the 
application of the low-going inhibit pulse. 

Output angle data is enabled onto the tri-state data bus in two 
bytes. Enable MSBs (EM) is used for the most significant 8 bits 
and Enable LSBs (EL) is used for the least significant bits. As 
shown in figure 4, output data is valid 150 nanoseconds maxi- 
mum after the application of a low-going enable pulse. The 
tri-state data bus returns to the high impedance state 100 
nanoseconds maximum after the rising edge of the enable signal. 


OPEN LOOP 


Ne = BW = V2 A (Hz) 
CLOSED LOOP ON aves w(rad/sec) 


| 
| 
| 
FIGURE 2. BODE PLOTS 
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INHIBIT | | 


| } S00ns max 


MUR 


FIGURE 3. INHIBIT TIMING 


ENABLE | | 
“+ }~- 150ns max 
a bea 100ns max 


fi vero HGH? 
FIGURE 4. ENABLE TIMING 
BIT, BUILT-IN-TEST 


DATA HIGH Z 


This output is a logic line that will flag an internal fault condition, 
LOS (Loss-Of-Signal), or LOR (Loss-Of-Refernce). The inter- 
nal fault detector monitors the internal loop error and, when it 
exceeds + 1OOLSBs, will set the line to a logic 0; this condition 
will occur during a large-step input and will reset to a logic 1 
after the converter settles out. (The error voltage is filtered with 
a 500us filter.) BIT will set for an overvelocity condition because 
the converter loop can’t maintain input/output sync. BIT will 
also be set if either a LOS or LOR input occurs. 


NO FALSE 180° HANGUP 


This feature eliminates the "false 180° reading" during instan- 
taneous 180° step changes; this condition most often occurs 
when the input is "electronically switched" from a digital-to- 
synchro converter. If the "MSB"(or 180° bit) is "toggled" on and 
off, a converter without the "false 180° hangup" feature may fail 
to respond. 

The condition is artificial, as a "real" synchro or resolver 
can’t change its output 180° instantaneously. The condition is 
most often noticed during wrap-around verification tests, 
simulations, or troubleshooting. 


}1|s1s) |S1(R) [N.C 426] +REF__(+Reference Input) _| 


| 2 |$2s) | s2(R) |+cos(d) |25|/-REF  (-Reference Input) _ 
| 3 | $3(S)_| S3(R)_| +SIN(D 24 Analog Ground 
}4[Nc. | sar 
| 5 | A(Resolution Control) —|22|E (DC Error Output) _| 
|6 | Digital Ground «21 VEL _(Velocity Output 

-5V__ (Power Suppl 20 | INH Inhibit 

}8|+5V_ (PowerSupply) _|19/EL —(EnableLSBs) 
}9|Bit1(MSB) ss Bito_— [18] BIT (Built-In-Test 

fo] Bit2 ss Bit10_-|17/CB_ (Converter Busy) __ 
11] Bits Bit =[16/ Bits Bitte 
f12|Bit4 ss Bit12 =[15/ Bit7 Bit 
Bit 5 Bit13 |14| Bit6  —/Bit 14 


* Note: (S) = Synchro; (R) = Resolver; (D) = 2V Resolver Direct 
** Note: SDC-14575 Series only 
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Dimensions are in inches (millimeters). 


PIN 1 DENOTED BY 
CONTRASTING 0.200 (MAX) 
COLORED BEAD (5.08) 


0.98 (MAX 
paee, os 0.210 +0.010 


es (5.33 +0.25) 
|. (17.78) 


0.78 (MA 
(19.81) 


0.100 (TYP) 


0. : 
(2.54) 018 +0.002 DIA. PIN 


(0.46 +0.051) 


PIN NUMBERS ARE cailaeiaiias 
FOR REFERENCE ONLY 


BOTTOM VIEW SIDE VIEW 
FIGURE 5. SDC-14570/75 MECHANICAL OUTLINE 


ORDERING INFORMATION 
SDC- 1457X- XXX 
T Accuracy: 

2=4min+1LSB 
4=2min+1LSB 

Reliability: 
0 = Standard DDC procedures 
1 = 883B Processing Available* 
2 = 168 hour burn-in at 125°C* 

Operating Temperature Range: 
1 =-55 to +125°C 
3= Oto +70°C (standard reliability only) 

Input Option: 


O= 11.8V, Synchro, 14bit, 400Hz 
11.8V, Resolver, 14 bit, 400Hz 
90V, Synchro, 14bit, 400Hz 

2V, Direct, 14 bit, 400Hz 
90V, Synchro, 14bit, 60Hz 


11.8V, Synchro, 14/16 bit, 400Hz 
11.8V, Resolver, 14/16 bit, 400Hz 
90V, Synchro, 14/16 bit, 400Hz 
2V, Direct, 14/16 bit, 400Hz 
90V, Synchro, 14/16 bit, 60Hz 


OONONRAN — 
ioeuu# t#@ t@ @ wea 


* 55° to +125°C Temperature range only. 
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DESCRIPTION 


The SDC-14580 Series are versatile 
state-of-the-art synchro to digital con- 
verters featuring programmable resolu- 
tion and a velocity output voltage. 

Based on the popular SDC-14560 
Series, the SDC-14580 offers a higher 
carrier frequency of 1 to 5kHz and a 
higher bandwidth of 540Hz. Tracking 
rate has also been increased and settling 
times decreased. 

Resolution programming allows 
selection of 10, 12, 14, or 16 bits and are 
available with commensurate ac- 
Curacies up to 1 minute +1 LSB. 
Resolution programming combines the 
high tracking rate of a 10 bit converter 
with the precision of a 16 bit device in 
one package. 

The velocity output (VEL) from the 
SDC-14580 is a ground based voltage of 
0 to+10Vdc ah a linearity of 2%. 


SOLID STATE SYNCHRO INPUT OPTION 
a es — 
S1 S1 

ae SIN @ 

. ELECTRONIC | 

s2 >t Sort 


Ll» cose 
al 


I~ ——— — SIN@ 


| HIGH ACCURACY 
INPUT OPTION CONTROL 
. |COS® | + 2ANSFORMER 


16 BIT CT 
TRANSPARENT 
LATCH 


DIGITAL 


16 BIT OUTPUT 


3STATE es 
TTLBUFFER 


V 


EM BITS 1-8 BITS 9-16 
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PROGRAMMABLE SYNCHRO/RESOLVER 
TO DIGITAL CONVERTER 


FEATURES 


® Wide Bandwidth 


Output voltage is positive for an increas- 


ing angle. 


The digital angle output from the| ° High Carrier Frequency 


SDC-14580 is a natural binary code, 


parallel positive logic and is| ® 
TTL/CMOS compatible. 


Programmable Resolution: 
10, 12, 14, or 16 Bits 


APPLICATIONS 


Because of its high reliability, accuracy, 
small size, and low power consumption, 


© High Quality Velocity Out- 
put Eliminates Tachometer 


the SDC-14580 Series are ideal for the 


most stringent and severe industrial and| ® 


Accuracy To +1.3 Arc Min. 


military ground or avionics applica- 


tions. 883B processing is available. @ 


SDC-14580 is especially well suited for 
use with computer based systems. 
Among the may applications are: radar 
and navigation systems, fire control sys- 


Designed with three-state outputs, the ¥ flee real as 
® Synthesized Reference 
Eliminates 180° Lock-up 


tems, flight instrumentation, and flight 


trainers/simulators. r) 


SOLID STATE RESOLVER INPUT OPTION 


, SIN#¢ 
S2>—Jresovver | 
S3 >—+] CONDITIONER 

> cosa 


6S 


ANGLE & (| cee C.D 
O 
TRANSPARENT iNH 
ne LATCH 
STAT 
TRANSPARENT FI ry, BUEFER 
LATCH - 
+ 


EL 


INPUT OPTIONS 


883B Processing Available 


DIRECT INPUT OPTION 


1 
SIN @ 
vourace [ PIN? 
FOLLOWER 
COSe>—_{_—- BUFFER Lee cose 
Set ete aay ek 
INTERNAL 
V <_< 0c 


REFERENCE 


REF IN 


OF 


RL 


RH 
REFERENCE | 
CONDITIONER 
: | 
SYNTHESIZED | 


| 
i ERROR VEL paren VCO E 
PROCESSOR 
ESSO ‘ i 
1 LSB ANTIJITTER FEEDBACK i! 


EpGE * 
TRIGGERED +10V 
TLATCH 
INTERNAL DC 
REF V (-5V) 
A B = 
S RESOLUTION CONTROL 


POWER 
SUPPLY 
CONDITIONER 


FIGURE 1. SDC-14580 BLOCK DIAGRAM 
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TABLE 1. SDC-14580 SPECIFICATIONS 


These specifications apply over temperature range, power supply range, reference frequency, and amplitude range; 10% signal amplitude variation 
and up to 10% harmonic distortion in the reference. 


PARAMETER VALUE COMMENT 


RESOLUTION 10, 12, 14, or 16 bits Pin Programmable 
ACCURACY GRADES +6, +4 +2 or+1 minutes Max +1 LSB of selected resolution, see Table 7 and Ordering Information. 


REPEATABILITY 1 LSB max 

REF INPUT CHARACTERISTICS 
Voltage Range 

Carrier Frequency Ranges 
10, 12, or 14 bit 
16 bit 

Input Impedance 
Single Ended Input 
Differential 

Common Mode Range 


1-35 Vrms 


1 - 5 kHz (full accuracy) 
2-5kHz 


Up to 10 kHz with reduced accuracy 


50k Ohm min 
100k Ohm min 
50V peak max, 
200V transient peak 


SIGNAL INPUT CHARACTERISTICS Voltage options and minimum input impedance, balanced. 


Synchro 

Zin Line to Line 

Zin Each line to ground 
Common Mode Range 


11.8V L-L 


17.5k Ohm 
11.5k Ohm 
60V max 


Resolver 11.8V L-L 


Zin Single Ended 
Zin Differential 

Zin Each line to ground 
Common Mode Range 


Direct (2.0V L-L) 
Input Signal Type 


Sin and cos resolver signals referenced to converter internal DC refer- 
ence voltage, V. 


Sin/Cos Range 
Max Voltage Without Damage 


2Vrms nom, 2.2Vrms max 
15V continuous, 

100V peak transient 
Input Impedance Zin >20M // 10pF 


REFERENCE SYNTHESIZER 
+Sig/Ref Phase Shift 60° typ, 45° min 


DIGITAL INPUTS 
Logic Type TTL/CMOS compatible 
Inputs Logic 0 = 0.8V max 
Logic 1 = 2.0V min 
Max Input Voltage w/o Damage _—i| -0.3Vdc to +8Vdc 


Loading Pull-up current source to +5V//Spf max, CMOS transient protected. 
INH (inhibit) Logic 0 inhibits, Logic 1 enables, Data stable within 0.3 Us. 

EM (Enable bits 1-8) and Logic 0 enables, Logic 1 high Z within 100 ns, Data valid 

EL (Enable bits 9-16) within 150 ns. 

S (Control Transformer) Logic 0 for Control Transformer, Logic 1 for normal tracking. 


Resolution Control 


10 Bit 
12 Bit Unused output bits are at logic 0 
14 Bit 
16 Bit 
DIGITAL OUTPUTS 
Parallel Data 10, 12, 14, or 16 bits Natural binary angle, positive logic. 
CB (Converter Busy) 0.4 Us to 1.0 Us Positive pulse; leading edge initiates counter update. 
BIT (Built-In-Test) Logic 0 for BIT condition. 
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SDC-14580 


These specifications apply over temperature range, power supply range, reference frequency, and amplitude range; +10% signal amplitude variation 
and up to 10% harmonic distortion in the reference. 


PARAMETER 


DIGITAL OUTPUTS (continued) 
Drive Capability 
50pF plus rated logic drive. 


-1.6mA at 0.4V max 1 TTL Load 
0.4mA at 2.8V min 10 TTL Loads 
100mV max driving CMOS 
+5V supply minus 100mV min | driving CMOS 
High Z 10uA/5pf max 
ANALOG OUTPUTS 
VEL (Velocity) See Table 4, Velocity Output Characteristics 
e ( AC error) 


10 bit mode 

12 bit mode 

14 bit mode 

16 bit mode 
Load 


50mVrms 
25mVrms 
12.5mVrms 
6.3mVrms 
3K Ohm min 


per LSB of error 
per LSB of error 
per LSB of error 
per LSB of error 


POWER SUPPLY 
CHARACTERISTICS 
Nominal Voltage and Range 
Max Voltage w/o Damage 
Max Current 
TEMPERATURE RANGES 
Operating 


See Table 7, Dynamic Characteristics. 


0°C to +70°C 
-55°C to +125°C 
-65°C to +150°C 
PHYSICAL CHARACTERISTICS 
Size 1.9 x 0.78 x 0.21 inches 
Weight (48.3 x 19.8 x 5.3mm) 
20 


36 pin DDIP(Double Dip) 


TABLE 2. MAXIMUM RATINGS WITHOUT DAMAGE 
PARAMETER VALUE COMMENT 


Direct signal Inputs 15V continuous 
100V peak transient 


Digital Inputs -0.3Vde to +8Vde above the +5V supply 


Supply Voltage +15Vde +5Vde -15Vde 
+18V +8V -18V 
Storage Temperature -65°C to +150°C 


Thermal Resistance: 
Junction to Case (8Jc) 
Case to Ambient (8CA) 


All power (i.e., power supply and signal In- 
puts) should be removed from the circuit 
when adding or removing the converter. 


8°C/W 
20°C/W 
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The SDC-14580 Series are small, 36 pin DDIP synchro to digital 
hybrid converters. As shown in the block diagram (figure 1) the 
SDC-14580 can be broken down into the following functional 
parts: Signal Input Option, Converter, Analog Conditioner, 
Power Supply Conditioner, and Digital Interface. 


Converter Operation 


As shown in figure 1, the converter section of the SDC-14580 
contains a high accuracy control transformer, demodulator, error 
processor, voltage controlled oscillator (VCO),up-down 
counter, and reference conditioner. The converter produces a 
digital angle which tracks the analog input angle to within the 
specified accuracy of the converter. 


The control transformer performs the following trigonometric 
computation: 


sin( 8-) ) = sin® cos - cos@ sind 
Where: 


@ is angle theta representing the resolver shaft 
position. 

» is digital angle phi contained in the up/down 
counter. 


The tracking process consists of continually adjusting to make 
(6 - @) =0,so that > will represent the shaft position 9. 


The output of the demodulator is an analog DC level proportional 
to sin(@-). The error processor receives its input from the 
demodulator and integrates this sin(6 - > ) error signal which then 
drives the VCO. The VCO’s clock pulses are accumulated by 
the up/down counter. The velocity voltage accuracy, linearity 
and offset are determined by the quality of the VCO. Function- 
ally, the up/down counter is an incremental integrator. There- 
fore, there are two stages of integration which makes the 
converter a Type II tracking servo. 


In a Type II servo, the VCO always settles to a counting rate 
which makes do /dt equal to d@ /dt without lag. The output data 
will always be fresh and available as long as the maximum 
tracking rate of the converter is not exceeded. 


The reference conditioner is a comparator that produces the 
square wave reference voltage which drives the demodulator. 
It’s single ended Input Z is 50k Ohms min, 100k Ohms differen- 
tial. 
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Reference Synthesizer — Quadrature Voltages. 


The synthesized reference section of the SDC-14580 eliminates 
errors caused by quadrature voltage. Due to the inductive nature 
of synchros and resovers, their signals typically lead the refer- 
ence signal (RH and RL) by about 6°. When an uncompensated 
reference signal is used to demodulate the control transformer’s 
Output, quadrature voltages are not completely eliminated. Ina 
12 or 14 bit converter it is not necessary to compensate for the 
reference signal’s phase shift. A 6° phase shift will, however, 
cause problems for the one minute accuracy converters. As 
shown in figure 1, the converter synthesizes its own cos(@t +) 
reference signal from the sin@- cos(@t +a ), cos 8- cos(@t +) 
signal inputs and from the coswt reference input. The phase 
angle of the synthesized reference is determined by the signal 
input. The reference input is used to choose between the +180° 
and -180° phases. The synthesized reference will always be 
exactly in phase with the signal input, and quadrature errors will 
therefore be eliminated. The synthesized reference circuit also 
eliminates the 180° false error null hangup. 


Quadrature voltages in a resolver or synchro are by definition 
the resulting 90° fundamental signal in the nulled out error 
voltage (e) in the converter. A digital position error will result 
due to the interaction of this quadrature voltage and a reference 
phase shift between the converter signal and reference inputs. 
The magnitude of this error is given by the following formula: 


Magnitude of Error=(Quadrature Voltage/F.S.signal) + tan(a) 


Where: 


Magnitude of Error is in radians. 
Quadrature Voltage is in volts. 
Full Scale sinal is in volts. 

a = signal to REF phase shift 


An example of the magnitude of error is as follows: 
Let: Quadrature Voltage = 11.8mV 
Let: FS. signal = 11.8V 
Let! a=6° 


Then: Magnitude of Error = 0.35 min = 1 LSB in the 16th bit. 


Note: Quadrature is composed of static quadrature which is 
specified by the synchro or resolver supplier plus the speed 
voltage which is determined by the following formula: 


Speed Voltage=(rotational speed/carrier frequency) « F.S.signal 
Where: 
Speed Voltage is the quadrature due to rotation. 
Rotational speed is the RPS (rotations per second) of 


the synchro or resolver. 
Carrier frequency is the REF in Hz. 
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Bullt-In-Test (BIT, Pin 34) 


The Built-In-Test output (BIT) monitors the level of error (D) 
from the demodulator. D represents the difference in the input 
and output angles and ideally should be zero, if it exceeds 
approximately 65 LSBs (of the selected resolution) the logic 
level at BIT will change from a logic 1 to logic 0. This condition 
will occur during a large step and reset after the converter settles 
out. BIT will also change to logic 1 for an over-velocity condi- 
tion, because the converter loop cannot maintain input-output or 
and if the converter malfunctions where it cannot maintain the 
loop at a null. BIT will also be set if a Loss-of-Signal (LOS) 
and/or a Loss-of-Reference (LOR) occurs. 


Programmable Resolution (A, PIN 35; B, PIN 36) 


Resolution is controlled by two logic input, A and B (see Table 
3). The resolution can be changed during converter operation so 
the appropriate resolution and velocity dynamics can be changed 
as needed. To insure that a race condition does not exist between 
counting and changing the resolution, inputs A and B are latched 
internally on the trailing edge of CB (see figure 2) For more 
information refer to the Accuracy and Resolution section. 


TABLE 3. RESOLUTION CONTROL 


tn | iy | 
Din 36 : 


Note: All unused digital outputdata bits are at logic 0. 


Signal Input Options 


The SDC-14580 series offers 3 input options: synchro, resolver, 
or direct resolver input. In a synchro or resolver, shaft angle data 
is transmitted as the ratio of carrier amplitudes across the input 
terminals. Synchro signals, which are of the form sin@coswt, 
sin(6+120°)coswt, and sin(6+240°)coswt are internally con- 
verted to resolver format; sin@coswt and cos@coswt. Direct 
Resolver inputs accept 2Vrms inputs in resolver form, 
(sindcoswt and cosOcosat) and are buffered prior to conversion. 
Figure 3 illustrates synchro and resolver signals as a function of 
the angle 6. 


SDC-14580 


CB | | 


| 0s MIN 
| 


| 
0.1 us MIN—o ~?$— 


A,B 


FIGURE 2. RESOLUTION CONTROL TIMING DIAGRAM 
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$3-S2 = VuaxolIN(@ t 120°) 
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Standard Synchro Control Transmitter (CX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ). 


S2- S4 = VeraxCOS@ 


4s 
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300 330 360! 


RH-RL of Converter 


In Phase with 
< 
z and R2-R4 of RX. 
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Standard Resolver Control Transmitter (RX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ) With R2-R4 Excited. 


FIGURE 3. SYNCHRO AND RESOLVER SIGNALS 
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Signal Input Options (continued) 


The solid-state signal and reference inputs are true differential 
inputs with high AC and DC common mode rejection. 
Input impedance is maintained with power off. 


The Synchro and Resolver input options are shown in figures 4 
and 5. 


The direct resolver inputs are transient protected voltage followers 
which accept 2.0Vrms resolver inputs as shown in figure 6. 


Resistor Programming For Non-Standard 
Input Voltages 


When applyng voltages greater than 2.0Vrms to the direct input 
option, a simple voltage divider can be used to attenuate both the 
sin and cos inputs. Since the converter inputs are voltage fol- 
lowers there will be no loading on the resistor dividers . 

(See figure 7.) 


The resolver input conditioner consists of two differential 
amplifiers. The input is currently scaled down with 23kohm 
resistors for the 11.8V resolver. When applying resolver input 
voltages greater than the rated voltages, four additional resistors 
are used to scale down the voltage. These resistors are placed 
one in series with each input line (see figure 8). 


Digital Interface 
The digital interface circuitry performs three main functions: 


1. Latches the output bits during an Inhibit (INH) command allowing 
stable data to be read out of the SDC-14580. 


2. Furnishes parallel tri-state data formats. 


3. Acts as a buffer between the internal CMOS logic and the 
external TTL logic. 


In the SDC-14580 applying an Inhibit (NH) command will lock 
the data in the inhibit transparent latch without interfering with 
the continuous tracking of the converter’s feedback loop. There- 
fore the digital angle » is always updated, and the INH can be 
applied for an arbitrary amount of time. The Inhibit Transparent 
Latch and the 5Ons delay are part of the inhibit circuitry. 

For further information see the INHIBIT (INH, PIN 33) para- 


graph. 
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REFERENCE 
OSCILLATOR 
LO HI 


CB (COUNT) 
VEL (VELOCITY) 


PARALLEL 
DATA 


INH (INHIBIT) 


ROTOR 
STATOR 


EL EM 


FIGURE 4. SYNCHRO INPUT CONNECTION DIAGRAM 
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FIGURE 5. RESOLVER INPUT CONNECTION DIAGRAM 
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FIGURE 6. DIRECT INPUT CONNECTION DIAGRAM 
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R1 


SDC-14580 


Input Voltage L-L Z R1+R3 
2V R3 


Notes: 

(1)R1 =R2;R3 = R4to0.1% match. 

(2)R1 +R3 and R2 + R4 should be as high as possible to minimize 
resolver loading. 


FIGURE 7. DIRECT INPUT RESISTOR SCALING 


SDC-14580 


R+23K  — _Input Voltage L-L 
23K - 11.8V 
Notes: 


= R3 = R4 to 0.1% match. 


(1) Input Voltage L-L is greater than 11.8V. 
(2) RR = R1 = R2 


FIGURE 8. RESOLVER INPUT RESISTOR SCALING 
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Digital Angle Outputs (Logic Input/Output) 


The digital angle outputs are buffered and provided in a two-byte 
format. The first byte contains the MSBs (bits 1-8) and is enabled 
by placing EM (pin 26) to a logic 0. Depending on the user 
programmed resolution, the second byte contains the LSBs and 
is enabled by placing EL (pin 25) to a logic 0. 


The second byte will contain either 9-10 (10 bit resolution), bits 
9-12 (12 bit resolution), bits 9-14 (14 bit resolution), or bits 9-16 
(16 bit resolution). All unused LSBs will be at logic 0. Table 4 
lists the angular weight for the digital angle outputs. 


The digital angle outputs are valid 150 ns after EM or EL are 
activated with a logic 0 and are high impedance within 100 ns, 
max after EM and EL are set to logic 1 (see figure 9). Both 
enables are internally pulled up to +5V // Spf max current 
sources. 


TABLE 4. DIGITAL ANGLE OUTPUTS 
DEG/BIT MIN/BIT 


1(MSB ALL MODES) 


10 (LSB 10 BIT MODE) 
11 


12 (LSB 12 BIT MODE) 
13 

14 (LSB 14 BIT MODE) 
15 

16 (LSB 16 BIT MODE 


Note: EM enables the 8 MSBs and EL enables the LSBs. 


150ns MIN 100ns MAX 


FIGURE 9. TRI-STATE OUTPUT TIMING 
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Digital Angle Output Timing 


The digital angle output is 10, 12, 14, or 16 parallel data bits and 
CONVERTER BUSY (CB). All logic outputs are short-circuit 
proof to ground and +5V. The CB output is a positive, 0.4 to 
1.0 ps pulse. 


The digital output data changes approximately 5Ons after the 
leading edge of the CB pulse because of an internal delay. Data 
is valid 0.2 us after the leading edge of CB (see figure 10). The 
angle is determined by the sum of the bits at logic 1. The digital 
outputs are valid 150 ns max after EM or EL go low and are high 
impedance within 100ns max of EM or EL going high. 


Inhibit (INH, Pin 33) 


When an Inhibit (INH) input is applied to the SDC-14580, the 
Output Transparent Latch is locked causing the output data bits 
to remain stable while data is being transferred (see figure 11). 
The output data bits are stable 0.5us after INH goes to logic 0. 


A logic 0 at the T input of the Inhibit Transparent Latch latches 
the data, and a logic 1 applied to T allows the bits to change. This 
latch also prevents the transmission of invalid data when there 
is an overlap between CB and INH. While the counter is not 
being updated, CB is at logic 0 and the INH latch is transparent; 
when CB goes to logic 1, the INH latch is locked. If CB occurs 
after INH has been applied, the latch will remain locked and its 
data will not change until CB returns to logic 0; if INH is applied 
during CB, the latch will not lock until the CB pulse is over. The 
purpose of the 5Ons delay is to prevent a race condition between 
CB and INH where the up-down counter begins to change as an 
INH is applied. 


An INH input, regardless of its duration, does not affect the 
converter update. A simple method of interfacing to a computer 
asynchronous to CB is: (1) Apply INH; (2) Wait 0.5 ps min; (3) 
Transfer the data; (4) Release INH. 

A logic 1 for the INH enables the output data to be updated. INH 
must remain at a logic 1 for lis minimum (see figure 12). 


Data Transfers 


Digital output data from the SDC-14580 can be transferred to 8 
bit and 16 bit bus systems. For 8 bit systems, the MSB and LSB 
bytes are transferred sequentially. For 16 bit systems all bits are 
transferred at the same time 


Data Transfer To 8 Bit Bus 


Figures 13 and 14 show the connections and timingfor trans- 
ferring data from the SDC-14580 to an 8 bit bus 


As can be seen by the timing diagram the following occurs: 
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1. The converter INH control is applied and must remain low for a 
minimum of 500ns before valid data is transferred. 


2. EM is set to a low state (logic 0) 150ns MIN after INH goes low 
and must remain low for a minimum of 150ns before the MSB 
data (1- 8) is valid and transferred. 


3. As EMis set to a high state (logic 1), EL is brought low for a 150ns 
MIN before the LSB data is valid and transferred. 


4. EL should go high (to logic 1)at least 100ns MAX before another 
device uses the bus. 


5. INH goes high and data transfer is done and the data refresh 
cycle can begin. Note the time it takes for INH to go to a logic 
1 should be 100ns minimum before valid data is transferred. 


Note: for further understanding refer to the beginning of this 
section (i.e. Digital Interface, Digital Angle Outputs, Digital 
Angle Output Timing, and Inhibit). 


16 Bit Data Transfer 


Data transfer to the 16 bit bus is much simpler than the 8 bit bus. 
Figures 15 and 16 show the connections and timingfor transfer- 
ring data from the SDC-14580 to an 8 bit bus 


! 1.2 us MIN | 


DEPENDS ON dgidt 
CB | | | | 
we ke ts be 04-10 ps 


FIGURE 10. CONVERTER BUSY TIMING DIAGRAM 


ASYNCHRONOUS TO CB 


FIGURE 11. INHIBIT TIMING DIAGRAM 


<— 2us MIN iP 


DATA STABLE UPDATE | \ STABLE 


FIGURE 12. OUTPUT DATA UPDATE TIMING 
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(MSB)BIT 1 


BIT 2 
BIT3 


BIT 4 
8 BIT BUS 


BIT5 
BIT6 
BIT 7 
BIT 8 

BIT9 
BIT 10 
BIT 11 
BIT 12 
BIT 13 


BIT 14 


— BIT 15 
INH 
(LSB)BIT 16 


FIGURE 13. DATA TRANSFER TO 8 BIT BUS 


EM 150ns MIN 


\ 
{ 
' 
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| 
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DATA 1-8 | 
VALID 100ns MAX 
' 


EL 150ns np | 


|<—>-ons MIN 


DATA 9-16 
VALID 


100ns MAX 


FIGURE 14. DATA TRANSFER TO 8 BIT BUS TIMING 
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16 BIT BUS 


FIGURE 15. 16 BIT DATA TRANSFER 


}~—>}- ons MIN 


DATA 1-16 
VALID 100ns MAX 


FIGURE 16. 16 BIT DATA TRANSFER TIMING 
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16 Bit Data Transfer (continued) 

As can be seen by the timing diagram (page 9, Figure 16) the 

following occurs: 

1. The converter INH control is applied and must remain low for a 
minimum of 500ns before valid data is transferred. 


2. EM and EL are set to a low state (logic 0) 150ns MIN after INH 
goes low and must remain low for a minimum of 150ns before 
the data (1- 16) is valid and transferred. 


3.EM and EL should go high (to logic 1)at least 100ns MAX before 
another device uses the bus. 


4. INH goes high and data transfer is done and the data refresh 
cycle can begin. Note the time it takes for INH to go to a logic 1 
should be 100ns minimum before valid data is transferred. 


Note: for further understanding refer to the beginning of this 
section (i.e. Digital Interface, Digital Angle Outputs, Digital 
Angle Output Timing, and Inhibit). 


The analog outputs are AC error (e), Internal DC Reference 
Voltage, and Velocity (VEL). 


AC Error (e, PIN 27) 


AC Error Out (e) is used in CT mode. The AC error is propor- 
tional to the difference between the input angle 6 and the digital 
input angle , (6 - >), with a scaling of: 


50m Vrms/LSB (10 bit mode) 
25mVrms/LSB (12 bit mode) 
12.5mVrms/LSB (14 bit mode) 
6.3mVrms/LSB (16 bit mode) 


The error is positive if it is in phase with the reference and 
negative if it is out of phase with the reference. 


The e output can swing +10V min with respect to ground when 
the voltage level of the +15V power supplies are 15V. The 
output level range changes proportionally with the power supply 
level. 


internal DC Reference Voltage (V, PIN1) 

This internal voltage is not required externally for normal opera- 
tion of the converter. It is used as the internal dc reference 
common with the direct input option. It is nominally +5V and is 
proportional to the +15Vdc supply. 
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Velocity (VEL, PIN 23) 


The velocity output (VEL, pin 23) is a dc voltage proportional 
to angular velocity d@ /dt. The velocity is the input to the voltage 
controlled oscillator (VCO), as shown in figure 1. Its linearity 
and accuracy is dependent solely on the linearity and accuracy 
of the VCO. 


The VEL output can swing +10V with respect to ground when 
the voltage level of the +15V power supplies are 15V. The 
output level range changes proportionally with the power supply 
level. The analog output VEL characteristics are listed in tables 
4 and 5. 


The VEL output has dc tachometer quality specs such that it can 
be used as the velocity feedback in servo applications. 


PARAMETER | UNITS | TYP | MAX __— 
Polarity Positive for increasing angle 
Output Voltage V +13 | +10 min 
Voltage scaling RPS/10V See voltage scaling table 5 


Scale Factor % 10 
Scale Factor TC PPM*C 


Reversal Error % 
Reversal Error TC PPM*C 
Linearity % Output 
linearity TC PPMC 
Zero offset mV 
Zero offset TC wvc 
Load K Ohms 


TABLE 5. VOLTAGE SCALING RESOLUTION 
values in RPS/Volit 


| 0B | eT | BT | 16 BIT 


Note: If the resolution is changed while the input is changing, then 
the velocity output voltage and the digital output will have a transient 
until it settles to the new velocity scaling at a speed determined by the 
bandwidth. If additional information is required, consult the factory. 


Velocity Response 


A filter on the VEL output will, for a step input in velocity, 
eliminate the velocity overshoot (normally critically damped) 
and filter carrier frequency ripple. The VEL filter is shown in 
figure 17. 


a SDC-1 4580 


CORPORATION 
VEL OUT 
ERROR 
DIGITAL 
INPUT 6 S +1) POSITION 
B OUT 
B2K : . 
VEL 
a FILTERED 
si 0.01 pf 
r=RC=1/A = 
A? ( 2 +1) 
Open Loop Transter Function = Output Ts pe bers 
s* (3G6+1) 
FIGURE 17. VEL OUTPUT FILTER FIGURE 18. TRANSFER FUNCTION BLOCK DIAGRAM 
A Type II servo loop (Ky =9°) and very high acceleration 
constants give the SDC-14580 superior dynamic performance. 
If the power supply voltages are not the +5 Vdc nominal value, w(rad/sec) 


the specified input rates will increase or decrease in proportion . 10B 
to the fractional change in voltage. 


Transfer Functions 


The dynamic performance of the converter can be determined 

from its transfer function block diagram (figure 18) and open and FIGURE 19. OPEN LOOP BODE PLOT 
closed loop Bode plots (figures 19 and 20). Values for the 

transfer function block can be obtained from table 6. 


TABLE 6. DYNAMIC CHARACTERISTICS 


nN] 
> 


CLOSED LOOP BW (Hz) = © 


ON 2vV2A w(rad/sec) 


32k 


w 
on 


<-Same as value to left FIGURE 20. CLOSED LOOP BODE PLOT 
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Response Parameters 


As long as the converter maximum tracking rate is not exceeded, 
there will be no velocity lag in the converter output although 
momentary acceleration errors remain. If a step input occurs, as 
when the power is initially applied, the response will be critically 
damped. Figure 21 shows the response to a step input. After 
initial slewing at the maximum tracking rate of the converter, 
there is one overshoot (which is inherent in a Type II servo). The 
overshoot settling to a final value is a function of the small signal 
settling time. 


MAX SLOPE EQUALS OVERSHOOT 
TRACKING RATE 


(SLEW RATE) 


| 
ag _ SMALL SIGNAL 
SETTLING TIME 
hae ana SETTLING TIME 
| 


FIGURE 21. RESPONSE TO A STEP INPUT 


Accuracy and Resolution 


Table 7 lists the total accuracy including quantinization for the 
various resolution and accuracy grades. 


TABLE 7. ACCURACY/RESOLUTION 
ACCURACY RESOLUTION (minutes 
minutes) | 10BIT | 12 BIT 


+1 +1LSB 
+2 +1LSB 
+4 +1LSB 
+6 +1LSB 
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Faster Settling Time Using BIT to Reduce Resolution 


Since the SDC-14580 has higher precision in the higher resolu- 
tion mode and faster settling in the lower resolution modés, the 
BIT output can be used to program the SDC-14580 for lower 
resolution, allowing the converter to settle faster for step inputs. 
High precision, faster settling can therefore be obtained simul- 
taneously and automatically in one unit. 


When the resolution is changed, the VEL scaling is also changed. 
Since the VEL output is from an integrator with a capacitor 
feedback, the VEL voltage cannot change instantaneously. 
Therefore, when changing resolution while moving, there will 
be a transient with a magnitude proportional to the velocity and 
a duration determined by the converter bandwidth. 


Control Transformer (CT) Mode 


The SDC-14580 can also be used as a Control Transformer (CT). 
The CT mode is used when the AC error (e) is needed to drive 
an external control loop by the difference angle of the analog 
input and the digital input. It is also used for presetting the 
converter to a specific angle to reduce the step response time. 


Referring to the equation below, the output is an AC voltage (e) 
which varies as the sine of the difference between the analog 
input angle and the digital angle. 


e = sin(8 - )cos wt 


The is analogous to the function of the rotary control transformer 
except in this case the rotary shaft input is replaced by a digital 
signal. 


Figure 22 illustrate the CT block diagram. The CT mode is 
enabled by placing S (pin 30) to a logic 0 and by using the digital 
Output lines (now bi-directional) as digital inputs. 


When the SDC-14580 functions as a CT the digital inputs are 
double buffered, EM is redefined as LM (Latch MSBs), EL is 
redefined as LL (Latch LSBs) and INH becomes LA (Latch All). 


Control transformers are frequently used as error signal gener- 
ators in closed servo loops. The CT mode can be applied in servo 
systems, as shown in figure 23. In this application, changes in 
position are commanded by the microcomputer through signals 
fed to the CT. The CT then drives the motors through dc power 
amplifiers. 


Using the SDC-14580 as an S/D with VEL to Stabilize 
Position Loop 


Figure 24 illustrates a typical use of a SDC-14560 connected as 
an S/D using the VEL output to stabilize the position loop. 
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CORPORATION 


SOLID STATE SYNCHRO INPUT OPTION SOLID STATE RESOLVER INPUT OPTION DIRECT INPUT OPTION 
Se ee 2 ee ae SS ba, | 
1 | mS | VOLTAGE 
SIN@ $2 SING SINe SINe 
s2}—4 ELECTRONIC aa >—1|_—s ResoLtveR) «=F = | eee 


Ie cose s3>—{ CONDITIONER }-s cose cose >— BUFFER wm COSe 
3 | | l l 


INTERNAL 
V <_< vv 00 
REFERENCE 


RL 
REFERENCE 
CONDITIONER RH 


R 


SYNTHESIZED 
REF 


INPUT OPTIONS 


RESOLVER 
INPUT eS === 1iNe SIN _ 
HIGH ACCURACY (6- ¢) D 7 BIT 
INPUTOPTION {cose CONTROL BI ’ 
{_ TRANSFORMER 2 DETEC 
| +15V 
LA (INH) 16BITCT e 
TRANSPARENT 
LATCH 
DIGITAL 
ANGLE ¢ aoe 
+5V —— 
16 BIT +10V 
U-D COUNTER INTERNAL DC POWER SUPPLY 
(SET MODE) aa REF V (+5V) CONDITIONER 


| = 


1-8 9-16 AB 
LM(EM) LL(EL) RESOLUTION CONTROL 


FIGURE 22. CT MODE BLOCK DIAGRAM 


SYNCHRO/ 
RESOLVER 


SYNCHRO/ 
RESOLVER 


REF 
SOURCE 


u COMPUTER 


FIGURE 24.CONVERTER WITH VEL TO STABILIZE 
FIGURE 23. CT MODE APPLICATION POSITION 
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FIGURE 25. SDC-14580 PIN POSITIONS 


PPINNO.| TITLE = | vO | C—C—C—“‘C‘SFUNCTION ee e—“( te—“‘CSCSC*CSC‘isC 
S1(S) S1(R) V(X) (S)=Synchro input; (R)=Resolver input; (X)=Direct input. 
S2(S) S2(R) +C(X) (S)=Synchro input; (R)=Resolver input; (X)=Direct input. 
S3(S) S3(R) +S(X) (S)=Synchro input; (R)=Resolver input; (X)=Direct input 
S4(R) (R)=Resolver input. 
Digital Output Bit 1 (MSB) 
Digital Output Bit 2 
Digital Output Bit 3 
Digital Output Bit 4 
Digital Output Bit 5 
Digital Output Bit 6 
Digital Output Bit 7 
Digital Output Bit 8 
Digital Output Bit 9 
Digital Output Bit 10 (LSB - 10BIT MODE) 
Digital Output Bit 11 
Digital Output Bit 12 (LSB - 12 BIT MODE) 
Digital Output Bit 13 
Digital Output Bit 14 (LSB - 14 BIT MODE) 
AC Reference Input. Used to drive intemal demodulator. 
AC Reference Input. Used to drive intemal demodulator. 
Digital Output Bit 15 
Digital Output Bit 16 (LSB - 16 BIT MODE) 
Velocity. DC voltage proportional to angular velocity. 
Converter Busy. Indicates digital output update. 
Enable LSBs. Logic0 enables digital output bits 9-16. Logic 1 disablesthese bits. 
Enable MSBs. LogicO enables digital output bits 1-8. Logic 1 disablesthese bits. 
AC Error. Used in CT mode; e is proportional to the difference between the 
input angle @ and the digital input angle ., (8 - ® ). 
Supply Voltage. 
Ground. 
Control Transformer Set.Logic 1 for normal tracking; logic 0 for CT operation. Used when AC error (e) is 
needed to drive extemal control loop bythe differenceangle of the resolver input and the digital input and for 
presetting the converter to a specific angle to reduce the step response time. 
Supply Voltage. 
Supply Voltage. 
Inhibit. Logic 0 prevents digital output bits from changing. 
Built-In-Test. Monitors level of error (D) and will change to logic 0 if it exceeds 65bits, approx. Also logic 0 
for an over-velocity condition. 
Resolution Control. Changes resolution during converter operation to 10, 12, 14, or 16 bits dependent on 
logic level. 
Resolution Control. Changes resolution during converter operation to 10, 12, 14, or 16 bits dependent on 
logic level. 


OONONAWND — 
DOAN OOfLWND — 


O--O000--O0000000000000---- 
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ORDERING INFORMATION 
SDC-1458X - X X X 


- 


6 min. + 1LSB 
4 min. + 1LSB 
2 min. + 1LSB 
1 min. + 1LSB 


Accuracy: 


1 
2 
4 
Since the SDC-14580 Series converters contain a CMOS 5 
device, standard CMOS handling procedures should be fol- 


lowed. Reliability Grade: 


0 = Standard DDC procedures. 

1 = 883B processing available. 

2 = 8838 processing available 
but without QCI testing 


Operation temperature range: 
1 = -55°C to +125°C 
3 = 0°C to 70°C 


Configuration: 0 = 11.8V, Synchro 
5 = 11.8V, Resolver 
7 = 2V, Direct Resolver 


Drawings to DESC format available from factory. 


0.09 + 0.01 
(2.3 + 0.25) 
1.700 + 0.005 
(43.2 + 0.13) 


fomononoseovononeokoneomememeonenenenene) 
36 19 
0.775 + 0.005 
(19.7 + 0.13) 


0.600 + 0.005 


TOP VIEW (15.2 + 0.13) 


1 18 
loMoRokolovokekevoweokowekokekozoneke) 


1.895 + 0.005 
(48.1 + 0.13) __,J 0.086 TYP 


RADIUS 


0.10 + 0.01 
SEATING (2.5 + 0.3) 
PLAN 


0.100 TYP (2.54) preeey 
0.015 MAX | ~<— TOL. SON: A Pp 
(0.39) CUMULATIVE 
a 0.018 (0.46) 
DIAM TYP 


NOTES: 

1. Dimensions shown are in inches. (millimeters) 

2. Lead identification numbers are for reference only. 

3. Lead cluster shall be centered within t 0.01 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 

4. Package is Kover with electroless nickel plating. 

5. Case is electrically floating. 


FIGURE 26. SDC-14580 MECHANICAL OUTLINE 
D 36 PIN DDIP 
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SDC-14600/05 SERIES 


TWO CHANNEL 14 & 16 BIT 
TRACKING S/D CONVERTERS 


DESCRIPTION 


The SDC-14600/05 Series are small 
low cost dual Synchro- or Resolver-to- 
Digital Converters. The SDC-14600 
Series is fixed at 14 bits, the SDC-14605 
at 16 bits. The two channels are inde- 
pendent tracking types but share digital 
Output pins and a common reference. 


The velocity output (VEL) from the 
SDC-14600/05 Series, which can be 
used to replace a tachometer, is a 4V 
signal referenced to ground with a 
linearity of 1% of output voltage. 


A BIT output is optional and is a logic 
line that indicates LOR, LOS, or exces- 
sive converter error. Due to pin limita- 
tions this option will exclude the 
velocity output (contact factory). 


St R, 
S2 CONTROL 

33 —»| INPUT OPTION 7 TRANSFORMER DEMODULATOR 

S4 


FEATURES 


© Fixed 14 or 16 Bit Resolution 


SDC-14600/05 Series converters are| e 
available with operating temperature 
ranges of 0°C to +70°C and -55°C to} 
+125°C, and 883B processing is avail- 
able. e 


Small Size 28 Pin DDIP Package 
2 Independent Converters 
Low Cost 


® Velocity Output Eliminates 


APPLICATIONS Tachometer 


With its low cost, small size, high ac- 
curacy, and versatile performance, the 
SDC-14600/05 Series converters are 
ideal for use in modern high-perfor- 
mance military and industrial position 
control systems. Typical applications 
include radar antenna positioning, 
navigation and fire control systems, 
motor control, and robotics. 


® Optional BIT Output 


® High Reliability Single Chip 
Monolithic 


© -55°C to +125°C Operating 
Temperature Range 


® 883B Processing Available 


+REF -REF (Common) C, 


VEL 


HYSTERESIS INTEGRATOR 
ee VCO & TIMING 
DATA LATCH 
| 8 | 
EM DATA EL INH (Common) 


FIGURE 1. SDC-14600/05 BLOCK DIAGRAM (one channel) 
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TABLE 1. SDC-14600/05 SPECIFICATIONS (Each Channel) 


These specs apply over the rated power supply, temperature, and ref- 
erence frequency ranges; 10% signal amplitude variation, and 10% 
harmonic distortion. Each Channel unless stated otherwise. 


RESOLUTION ey ee eee 


SDC-14600/05 SERIES 


DIGITAL INPUT/OUTPUT 
Outputs (continued) 
Each Channel 
Drive Capability 50 pF + 
Logic 0; 1 TTL load, 1.6 mA at 
0.4V max 


REFERENCE INPUT 
Type 


Voltage Range 

Frequency 

Input Impedance 
single ended 
differential 

Common Mode Range 


90V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Resolver Input (L-L) 
Zin single ended 
Zin differential 
Common Mode Voltage 
2V Direct Input (L-L) 
Voltage Range 


DIGITAL INPUT/OUTPUT 


Logic Type 
Inputs 


Inhibit (INH)(common) 


Enable Bits 1 to 8 (EM) 
Enable Bits 9 to 14(16) (EL) 


Outputs 
Parallel Data (1-14(16)) 


(+REF, -REF ), 
Common to Both Channels 
differential 

2 & 11.8V units 
2-35 10-130 
360 - 5000 47 - 1000 


60k 270k min 
120k 540k min 
50, 200, 
100 transient | 300 transient 
Each Channel 


123k 
80k 
180 max 


52k 
34k 
30 max 


70k 
140k 
30 max 


2 nom, 2.3 max 
25 cont, 100 pk transient 
20 M// 10 pF min 


TTL/CMOS compatible 

Logic 0 = 0.8V max. 

Logic 1 = 2.0V min. 

Loading =10,1a max P.U. cur- 


rent source to +5V //S5pF max. 


CMOS transient protected 


Each Channel 
Logic 0 inhibits ; Data 
stable within 0.5us 
Logic 0 enables; Data stable 
within 150 ns 
Logic 1 = High Impedance 
Data High Z within 100 ns 


Common to Both Channeis 
8 parallel lines; 2 bytes natural 
binary angle, positive logic 


DYNAMIC CHARACTERISTICS 
Each Channel 
Input Frequency 
Bandwidth(Closed Loop) 
Ka 
Al 
A2 
A 
B 
Resolution 
Tracking Rate 
typical 
minimum 
Accelleration (1LSB lag) 


Settling Time (179°step 


Polarity 
Voltage Range(Full Scale) 
Voltage Scaling 
Scale Factor 
Scale Factor TC 
Reversal Error 
Linearity 
Zero Offset 
Zero Offset TC 
Load 
Noise 
POWER SUPPLIES 
Nominal Voltage 
Voltage Range 
Max Volt. w/o Damage 
Current 
TEMPERATURE RANGE 
Operating 
-30X 
-10X 
Storage 
PHYSICAL 
CHARACTERISTICS 


Logic 1; 10 TTL loads, -0.4 mA 
at 2.8V min 
Logic 0; 100mV max driving 
CMOS 
Logic 1; +5V supply minus 
100mV min driving CMOS 
Device Type 
60Hz 400Hz 


1.25 | 0.31 10 
1 0.25 8 
18 45 | 1160 

1100 | 2500] 140 


Each Channel 
Positive for increasing angle 
4.5 typ, 4 min 


5 
10 
-7 
0,34 max 


0 to +70 
-55 to +125 
65 to +150 


1.48 x 0.78 x 0.2 
(37.6 x 19.8 x 5.1) 
0.66 
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THEORY OF OPERATION 


The SDC-14600/05 Series of converters are based upon a single 
chip CMOS custom monolithic. They are implemented using 
the latest IC technology which merges precision analog circuitry 
with digital logic to form a complete high performance tracking 
resolver to digital converter. 


Figure 1 is the Functional Block Diagram of SDC-14600/05 
Series. The converter operates with +t5Vdc power supplies. 
Analog signals are referenced to analog ground, which is at 
ground potential. The converter is made up of three main 
sections; an input front-end, a converter, and a digital interface. 
The converter front-end differs for synchro, resolver and direct 
inputs. An electronic Scott-T is used for synchro inputs, a 
resolver conditioner for resolver inputs and a sine and cosine 
voltage follower for direct inputs. These amplifiers feed the high 
accuracy Control Transformer (CT). Its other input is the 14 bit 
digital angle ©. Its output is an analog error angle, or difference 
angle, between the two inputs. The CT performs the ratiometric 
trigonometric computation of SIN@COS9 - COS@SIN® = SIN(8- 
) using amplifiers, switches, logic and capacitors in precision 
ratios. 


The converter accuracy is limited by the precision of the com- 
puting elements in the CT. In these converters ratioed capacitors 
are used in the CT, instead of the more conventional precision 
ratioed resistors. Capacitors used as computing elements with 
op-amps need to be sampled to eliminate voltage drifting. 
Therefore, the circuits are sampled at a high rate to eliminate this 
drifting and at the same time to cancel out the op-amp offsets. 


The error processing is performed using the industry standard 
technique for type II tracking R/D converters. The dc error is 
integrated yielding a velocity voltage which in turn drives a 
voltage controlled oscillator (VCO). This VCO is an incremental 
integrator (constant voltage input to position rate output) which 
together with the velocity integrator forms a type II servo feed- 
back loop. A lead in the frequency response is introduced to 
stabilize the loop and another lag at higher frequency is intro- 
duced to reduce the gain and ripple at the carrier frequency and 
above. 


TRANSFER FUNCTION AND BODE PLOT 
The dynamic performance of the converter can be determined 
from its Functional Block Diagram and its Bode Plots (open and 


closed loop); These are shown in figures 1 and 2. 


The open loop transfer function is as follows: 


Open Loop Transfer Function = 


where A is the gain coefficient 


and _ B is the frequency of lead compensation 


The components of gain coefficient are error gradient, integrator 
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gain, and VCO gain. These can be broken down as follows: 
- Error Gradient = 0.011 volts per LSB (CT+Error Amp+Demod) 


- Integrator gain = RG volts per second per volt 
1™1 


- VCO Gain = LSBs per second per volt 


1 
1.25RvCyv 


GENERAL SETUP CONSIDERATIONS 


The following recommendations should be considered when 
hooking up the SDC-14600/05 Series converters: 


1) Power supplies are +5Vdc. For lowest noise performance it is 
recommended that a 0.1 pF or larger cap be connected from 
each supply to ground near the converter package. 


2) Direct inputs are referenced to A GND. 


INHIBIT and ENABLE TIMING 


The Inhibit (INH) signal is used to freeze the digital output angle 
in the transparent output data latch while data is being trans- 
ferred. Application of an Inhibit signal does not interfere with 
the continuous tracking of the converter. As shown in figure 3, 
angular output data is valid 500 nanoseconds maximum after the 
application of the low-going inhibit pulse. 


Output angle data is enabled onto the tri-state data bus in four 
bytes. The Enable MSB (EM A or EM B) is used for the most 
significant 8 bits and Enable LSB (EL A or EL B ) is used for 
the least significant bits. As shown in figure 4, output data is 
valid 150 nanoseconds maximum after the application of a 
low-going enable pulse. The tri-state data bus returns to the high 
impedance state 100 nanoseconds maximum after the rising edge 
of the enable signal. 


w(rad/sec) 
10B 


OPEN LOOP 


- GAIN=0 4 


CLOSED LOOP . w(rad/sec) 
| 
| 
| 

FIGURE 2. BODE PLOTS 
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CORPORATION 
Dimensions in inches (mm). 
INHIBIT | | 
ea PIN NUMBERS ARE 
cache vans 81) FOR REF. ONLY 
> |- ns 0.600 


MMU MM 


FIGURE 3. INHIBIT TIMING 


ENABLE | | 


a |~« 150ns max 
+| a 100ns max 


DATA HIGH Z yA oY HIGH Z 
FIGURE 4. ENABLE TIMING 
NO FALSE 180° HANGUP 


This feature eliminates the "false 180° reading" during instan- 
taneous 180° step changes; this condition most often occurs 
when the input is "electronically switched" from a digital-to- 
synchro converter. If the "MSB"(or 180° bit) is "toggled" on and 
off, a converter without the "false 180° hangup" feature may fail 
to respond. 

The condition is artificial, as a "real" synchro or resolver 
can’t change its output 180° instantaneously. The condition is 
most often noticed during wrap-around verification tests, 
simulations, or troubleshooting. 


| 1 | S1A(S) | S1A(R)| AGND(D) | 28] +REF _(+Reference Input 
| 2 | S2A(S) | S2A(R)| +COS(D) |27|-REF _(-Reference Input 


| 3 | S3A(S) | S3A(R)| +SIN(D) _[26|-5V___ (Power Suppl 

P4 NC. | S4A(R)[N.C. _|25| VELA (Velocity Output) _| 
5 |Bit1(MSB) _—/Bitg ~~ [24| EMA (Enable MSBs)—__ 
6 |Bit2  ——/Bit10 ~—*{23/ELA _(EnableLSBs) _—f 
/7| Bits Bit11 ~—*[22| GND (Ground) 
8 {Bits ————/Biti2_~—s«f21|+5V (Power Suppl 

fo /Bits  ———/Bit13 ~— J20;ELB (Enable LSBs) 
10; Bité = /Bit14_ ~—s{19| EMB (EnableMSBs) _—i| 
41|Bit7 sss Bit 15 [18{NC. |S4BR(R)[NC. | 
'12| Bits Bit 16" | 17| S3B(S) | S3B(R 
43|INH (Inhibit) ————_—[16 | S2B(S) | S2B(R) | +COS(D) | 


114] VELB (Velocity Output) 115] S18(S) | S18(R) | AGND(D) | 


* Note: (S) = Synchro; (R) = Resolver; (D) = 2V Resolver Direct 
** Note: SDC-14605 Series only 


(15.24) 


_ 
PS 
=< 
on 


0.250 0.010 (TYP) 0.200 (MAX) 
(6.35 02st al | (5.08) 


@ @ 
© © 
® © 
® © 
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1.48 (MAX)} @ © | 
(37.59) | © © ores 
® © 
4 © 10.100 (TYP) 
® ®]} (2.54) 
1) © 
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@ 


Loon +0.002 DIA (TYP) 


PIN 1 DENOTED BY 


CONTRASTING eset 20051) 
COLORED BEAD 
BOTTOM SIDE 
VIEW VIEW 


FIGURE 5. SDC-14600/05 MECHANICAL OUTLINE 


ORDERING INFORMATION 
SDC-1460X T - X X X 
Accuracy: 
2=4min+1LSB 
4=2min+1LSB 
Reliability: 
0 = Standard DDC procedures 
1 = 883B Processing Available* 
2 = 168 hour burn-in at 125°C* 
Operating Temperature Range: 
1 = -55 to +125°C 
3= Oto +70°C (standard reliability only) 
Output Option: 
Blank = Standard Velocity Output (VEL) 
T = Built-In-Test Output, instead of VEL 
Input Option: 
11.8V, Synchro, 14 bit, 400Hz 
11.8V, Resolver, 14 bit, 400Hz 
90V, Synchro, 14 bit, 400Hz 
2V, Direct, 14bit, 400Hz 
90V, Synchro, 14bit, 60Hz 
11.8V, Synchro, 16 bit, 400Hz 
11.8V, Resolver, 16 bit, 400Hz 
90V, Synchro, 16 bit, 400Hz 
2V, Direct, 16 bit, 400Hz 
90V, Synchro, 16 bit, 60Hz 


OONOOHRWNhMH-O 
“uk udt tuo a 


* 55° to +125°C Temperature range only. 
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DESCRIPTION 


The SDC-14610/15 Series are small 
low cost triple Synchro- or Resolver- 
to-Digital Converters. The SDC-14610 
Series is fixed at 14 bits, the SDC-14615 
at 16 bits. The three channels are inde- 
pendent tracking types but share digital 
Output pins and a common reference. 


The velocity output (VEL) from the 
SDC-14610/15 Series, which can be 
used to replace a tachometer, is a 4V 
signal referenced to ground with a 
linearity of 1% of output voltage. 


A BIT output is optional and is a logic 
line that indicates LOR, LOS, or exces- 
sive converter error. Due to pin limita- 
tions this option will exclude the 
velocity output (contact factory). 


S1 
S2 
$3 INPUT OPTION - 
S4 


CONTROL 
TRANSFORMER 


DATA LATCH 


EM 


SDC-14610/15 SERIES 


THREE CHANNEL 14 & 16 BIT 
TRACKING S/D CONVERTERS 


SDC-14610/15 Series converters are 
available with operating temperature 
ranges of 0°C to +70°C and -55°C to 
+125°C, and 883B processing is avail- 
able. 


APPLICATIONS 


With its low cost, small size, high ac- 
curacy, and versatile performance, the 
SDC-14610/15 Series converters are 
ideal for use in modern high-perfor- 
mance military and industrial position 
control systems. Typical applications 
include radar antenna positioning, 
navigation and fire control systems, 
motor control, and robotics. 


FEATURES 


Fixed 14 or 16 Bit Resolution 
Small Size 36 Pin DDIP Package 
3 Independent Converters 

Low Cost 


Velocity Output Eliminates 
Tachometer 


Optional BIT Output 


High Reliability Single Chip 
Monolithic 


-55°C to +125°C Operating 
Temperature Range 


883B Processing Available 


+REF -REF (Common) C, 


14/16 BIT UP/DOWN 
COUNTER 


DATA EL 


DEMODULATOR 


HYSTERESIS 


VEL 


INTEGRATOR 


VCO & TIMING 


INH (Common) 


FIGURE 1. SDC-14610/15 BLOCK DIAGRAM (one channel) 
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TABLE 1. SDC-14610/15 SPECIFICATIONS (Each Channel) 


These specs apply over the rated power supply, temperature, and ref- 
erence frequency ranges; 10% signal amplitude variation, and 10% 
harmonic distortion. Each Channel unless stated otherwise. 


REFERENCE INPUT (+REF, -REF ), 
Common to All Channels 
differential 


2 & 11.8V units 


Type 


Voltage Range 2-35 10-130 
Frequency 360 - 5000 47 - 1000 
Input Impedance 
single ended 60k 270k min 
differential 120k 540k min 
Common Mode Range 50, 200, 


100 transient | 300 transient 
Each Channel 


90V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Resolver Input (L-L) 


123k 
80k 
180 max 


52k 
34k 
30 max 


Zin single ended 70k 
Zin differential 140k 
Common Mode Voltage 30 max 


2V Direct Input (L-L) 
Voltage Range 


2 nom, 2.3 max 
25 cont, 100 pk transient 
20 M// 10 pF min 


DIGITAL INPUT/OUTPUT 
Logic Type 
Inputs 


TTL/CMOS compatible 
Logic 0 = 0.8V max. 
Logic 1 = 2.0V min. 
Loading =10[a max P.U. cur- 
rent source to +5V //SpF max. 
CMOS transient protected 


Each Channel 
Logic 0 inhibits ; Data 
stable within 0.5j1s 
Logic 0 enables; Data stable 
within 150 ns 
Logic 1 = High Impedance 
Data High Z within 100 ns 


Inhibit (INH)(common) 


Enable Bits 1 to 8 (EM) 
Enable Bits 9 to 14(16) (EL) 


Common to All Channels 
8 parallel lines; 2 bytes natural 
binary angle, positive logic 


Outputs 
Parallel Data (1-14(16)) 


SDC-14610/15 SERIES 


TABLE 1. SDC-14610/15 SPECIFICATIONS (continued) 
PARAMETER UNIT VALUE 


DIGITAL INPUT/OUTPUT 
Outputs (continued) 


Drive Capability 


DYNAMIC CHARACTERISTICS 
Each Channel 
Input Frequency 
Bandwidth(Closed Loop) 
Ka 
Al 
A2 
A 
B 
Resolution 
Tracking Rate 
typical 
minimum 


Polarity 
Voltage Range(Full Scale) 
Voltage Scaling 
Scale Factor 
Scale Factor TC 
Reversal Error 
Linearity 
Zero Offset 
Zero Offset TC 
Load 
Noise 
POWER SUPPLIES 
Nominal Voltage 
Voltage Range 
Max Volt. w/o Damage 
Current 
TEMPERATURE RANGE 
Operating 
-30X 
-10X 
Storage 
PHYSICAL 
CHARACTERISTICS 
Size 


Each Channel 
50 pF + 
Logic 0; 1 TTL load, 1.6 mA at 
0.4V max 
Logic 1; 10 TTL loads, -0.4 mA 
at 2.8V min 
Logic 0; 100mV max driving 
CMOS 
Logic 1; +5V supply minus 
100mV min driving 
Device Type 
400Hz 


1.25 | 0.31 
0.25 


140 
Each Channel 
Positive for increasing angle 
4.5 typ, 4 min 


Total Device 
+5 -5 
5 10 
+7 -7 
36 typ,51 max 


0 to +70 
-55 to +125 
5 to +150 


1.70 x 0.78 x 0.21 
(43.2 x 19.8 x 5.3) 
0.66 
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THEORY OF OPERATION 


The SDC-14610/15 Series of converters are based upon a single 
chip CMOS custom monolithic. They are implemented using 
the latest IC technology which merges precision analog circuitry 
with digital logic to form a complete high performance tracking 
resolver to digital converter. 


Figure 1 is the Functional Block Diagram of SDC-14610/15 
Series. The converter operates with +5Vdc power supplies. 
Analog signals are referenced to analog ground, which is at 
ground potential. The converter is made up of three main 
sections; an input front-end, a converter, and a digital interface. 
The converter front-end differs for synchro, resolver and direct 
inputs. An electronic Scott-T is used for synchro inputs, a 
resolver conditioner for resolver inputs and a sine and cosine 
voltage follower for direct inputs. These amplifiers feed the high 
accuracy Control Transformer (CT). Its other input is the 14 bit 
digital angle . Its output is an analog error angle, or difference 
angle, between the two inputs. The CT performs the ratiometric 
trigonometric computation of SIN@COS9 - COSOSIN®g = SIN(6- 
) using amplifiers, switches, logic and capacitors in precision 
ratios. 


The converter accuracy is limited by the precision of the com- 
puting elements in the CT. In these converters ratioed capacitors 
are used in the CT, instead of the more conventional precision 
ratioed resistors. Capacitors used as computing elements with 
op-amps need to be sampled to eliminate voltage drifting. 
Therefore, the circuits are sampled at a high rate to eliminate this 
drifting and at the same time to cancel out the op-amp offsets. 


The error processing is performed using the industry standard 
technique for type II tracking R/D converters. The dc error is 
integrated yielding a velocity voltage which in turn drives a 
voltage controlled oscillator (VCO). This VCO is an incremental 
integrator (constant voltage input to position rate output) which 
together with the velocity integrator forms a type II servo feed- 
back loop. A lead in the frequency response is introduced to 
stabilize the loop and another lag at higher frequency is intro- 
duced to reduce the gain and ripple at the carrier frequency and 
above. 


TRANSFER FUNCTION AND BODE PLOT 
The dynamic performance of the converter can be determined 
from its Functional Block Diagram and its Bode Plots (open and 


closed loop); These are shown in figures 1 and 2. 


The open loop transfer function is as follows: 


Open Loop Transfer Function = 


where A is the gain coefficient 


and _ B is the frequency of lead compensation 


The components of gain coefficient are error gradient, integrator 
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gain, and VCO gain. These can be broken down as follows: 
- Error Gradient = 0.011 volts per LSB (CT+Error Amp+Demod) 


- Integrator gain = Re volts per second per volt 


- VCO Gain = LSBs per second per volt 


1 
1.25RvCv 


GENERAL SETUP CONSIDERATIONS 


The following recommendations should be considered when 
hooking up the SDC-14610/15 Series converters: 


1) Power supplies are +5Vdc. For lowest noise performance it is 
recommended that a 0.1 pF or larger cap be connected from 
each supply to ground near the converter package. 


2) Direct inputs are referenced to A GND. 


INHIBIT and ENABLE TIMING 


The Inhibit (INH) signal is used to freeze the digital output angle 
in the transparent output data latch while data is being trans- 
ferred. Application of an Inhibit signal does not interfere with 
the continuous tracking of the converter. As shown in figure 3, 
angular output data is valid 500 nanoseconds maximum after the 
application of the low-going inhibit pulse. 


Output angle data is enabled onto the tri-state data bus in six 
bytes. The Enable MSB (EM A, EM B, or EM C) is used for 
the most significant 8 bits and Enable LSB (EL A, EL B, or 
EL C ) is used for the least significant bits. As shown in figure 
4, output data is valid 150 nanoseconds maximum after the 
application of a low-going enable pulse. The tri-state data bus 
returns to the high impedance state 100 nanoseconds maximum 
after the rising edge of the enable signal. 


OPEN LOOP 


—— 
ZN 2V2A w(rad/sec) 


CLOSED LOOP 


| 
FIGURE 2. BODE PLOTS 
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CORPORATION 
0.09 + 0.01 
INHIBIT | | 1700 + 0.008 (2.3 + 0.25) 
a ree 500ns max 


N/MM UMM 


FIGURE 3. INHIBIT TIMING 


ENABLE | | 


a ~ 150ns max 
+> a 100nNs max 


DATA HIGH Z YA ony HIGH Z 
FIGURE 4. ENABLE TIMING 
NO FALSE 180° HANGUP 


This feature eliminates the "false 180° reading" during instan- 
taneous 180° step changes; this condition most often occurs 
when the input is "electronically switched" from a digital-to- 
synchro converter. If the "MSB"(or 180° bit) is "toggled" on and 
off, a converter without the "false 180° hangup" feature may fail 
to respond. 

The condition is artificial, as a "real" synchro or resolver 
can’t change its output 180° instantaneously. The condition is 
most often noticed during wrap-around verification tests, 
simulations, or troubleshooting. 


TABLE 2. PINOUT (36 PIN)* 


| 1 | S1A(S)| S1A(R) | N.C. [36] VELA (Velocity Output) _| 
| 2 | S2acs) | S2A(R) | +COSA(D) |35| EMA (Enable MSBs) _| 
| 3 | S3A(S) | S3A(R) | +SINA(D) |34|ELA (Enable LSBs) | 
4{nc. [s4apn)[nc. [33| INH (Inhibit) 
|5|GND (Ground) —[32| VELB (Velocity Output) _| 
16 |AGND (AnalogGround) _|31|EMB  (EnableMSBs) _| 
|7|S1(S)|S1R(A) |N.C. [30] ETB (Enable LSBs) 
| 8 | S2B(S) | S2B(R) |+COSB{D) [29| BiteBiie™ 
| 9 | S3B(S) | S3B(R) | +SINB(D) [28| Bit 7/Bit15* 
H10[ N.C. | S4(A)|NC. [27/BiteBiti4 
}11|-5V__ (Power Supply) [26| Bits/Bit13 
112] +5V___ (Power Supp! 25|BitaBiti2 
113] S1c(s)|S1c(A) [N.C [24] BirgBiti1 
14] S20(S) | S2c(R) | +COSC(D)|23| BiaBit1o 
15] S3C(S)| S3C(R) | +SINC(D) |22| Bit(MSByBito 
16] N.C. |S4c(R) | N.C. [21] VELC (Velocity Output) _| 
-REF _ (-Reference Input '20/ELCG  (EnableLSBs) _—i| 
18) +Reference Input) _|19| EMC (Enable MSBs)___ 


* Note: (S) = Synchro; (R) = Resolver; (D) = 2V Resolver Direct 
** Note: SDC-14615 Series only 


o9000000NDNNO ONO OCOCCCO 
36 


0.775 + 0.005 
(19.7 + 0.13) 


TOP VIEW 


1 18 
foHoKoK ool ozoKoRewokeeeokzokeozokoneone) 


IDENTIFIES 
N1 
0.10+0.01 
SEATING + 1.895 + 0.005 | 
PLAN sete, (48.1 + 0.13) 0.086 TYP 


0.21 MAX RADIUS 
(5. 


5.3) 


0.100 TYP (2.54) ae 
0.015 MAX | ~—<— TOL. NON- P 
(0.39) CUMULATIVE 
Ge a 0.018 (0.46) 
, DIAM TYP 
Notes: 


1. Dimensions are in inches (millimeters). 

2. Lead identification numbers are for reference only. 

3. Lead clusters shall be centered within +0.01 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 

4. Pin material meets solderability requirements to MIL-STD-202E, 
Method 208C. 

5. Case is electrically floating. 


FIGURE 5. SDC-14610/15 MECHANICAL OUTLINE 


ORDERING INFORMATION 
SDC-1461X T-X XX 
T Accuracy: 
2=4min+1LSB 
4=2min+1LSB 
Reliability: 
0 = Standard DDC procedures 
1 = 883B Processing Available* 
2 = 168 hour burn-in at 125°C* 
Operating Temperature Range: 
1 = -55 to +125°C 
3= 0 to +70°C (standard reliability only) 
Output Option: 
Blank = Standard Velocity Output (VEL) 
T = Built-In-Test Output, instead of VEL 
Input Option: 
11.8V, Synchro, 14 bit, 400Hz 
11.8V, Resolver, 14 bit, 400Hz 
90V, Synchro, 14 bit, 400Hz 
2V, Direct, 14 bit, 400Hz 
90V, Synchro, 14bit, 60Hz 
11.8V, Synchro, 16 bit, 400Hz 
11.8V, Resolver, 16 bit, 400Hz 
90V, Synchro, 16 bit, 400Hz 
2V, Direct, 16 bit, 400Hz 
90V, Synchro, 16 bit, 60Hz 
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* 55° to +125°C Temperature range only. 
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DESCRIPTION 


The SDC-14620 Series are small, low- 
cost two-channel hybrid Synchro- or 
Resolver-to-Digital converters based on 
a single-chip monolithic. The two chan- 
nels are independent but share the digi- 
tal outputs and +5Vdc power pins. The 
package is 54 pin ceramic, the size of a 
28 pin DDIP. 


Resolution programming allows selec- 
tion of 10, 12, 14, or 16 bit modes. This 
feature allows selection of either low 
resolution for fast tracking or higher 
resolution for higher accuracy. 


The velocity outputs (VEL-A, VEL-B) 
from the SDC-14620 Series, which can 
be used to replace a tachometer, are+t4V 
signals referenced to analog ground 
with a linearity of 1% of output voltage. 


SDC-14620 SERIES 


TWO CHANNEL, PROGRAMMABLE 


The converter series also offers Built- 
In-Test outputs for each channel (BIT- 
A, BIT-B). 


The SDC-14620 Series converters are 
available with operating temperature 
ranges of 0°C to +70°C and -5S°C to 
+125°C. 883B processing is available. 


APPLICATIONS 


With its low cost, small size, high ac- 
curacy, and versatile performance, the 
SDC-14620 Series converters are ideal 
for use in modern high-performance 
military and industrial position control 
systems. Typical applications include 
radar antenna positioning, navigation 
and fire control systems, motor control, 
and robotics. 


SYNCHRO/RESOLVER-TO-DIGITAL CONVERTERS 


PRELIMINARY 


FEATURES 


Single 5V power supply 


10, 12, 14, or 16 bit program- 
mable resolution 


2 Independent Converters 
Small 54 Pin Ceramic Package 
BIT Output 


Velocity Output Eliminates 
Tachometer 


gs Hips ecard Single-Chip 
onolithic per Channel 


-55°C to +125°C Operating 
Temperature Range 


® 883B Processing Avallable 


S2 
$3 INPUT OPTION fl 
S4 


FILTER 
10 


ee 
external 
= capacitor 


RH RL BI 
REFERENCE CONDITIONER» BIT C 
DETECTOR 


LOS 


CONTROL 
TRANSFORMER 


16 BIT UP/DOWN 
COUNTER 


DATA LATCHES 
8 48 
EM DATA EL INH A B 


ULATO 


R, 
DEMOD R VEL 
B 
A 


HYSTERESIS 


INTEGRATOR 


VCO & TIMING 


FIGURE 1. SDC-14620 BLOCK DIAGRAM (one channel) 
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TABLE 1. SDC-14620 SPECIFICATIONS (Each Channel) 
These specs apply over the rated power supply, temperature, and ref- 
erence frequency ranges; 10% signal amplitude variation, and 10% 
harmonic distortion. Each Channel unless stated otherwise. 


RESOLUTION 
| ACCURACY GRADES _| Min _| +2or+4, + 1LSB (see Table 4)_ 
REFERENCE INPUT (RH,RL ) 
Each Channel 
Type differential 
2 & 11.8V units 9OV unit 

Voltage Range 2-35 10-130 

Frequency 360 - 5k see note 

Input Impedance 


single ended 60k 270k min 
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TABLE 1. SDC-14620 SPECIFICATIONS (continued) 
DIGITAL INPUT/OUTPUT 
Outputs (continued) 
Each Channel 
Built -In-Test 


Each Channel 

Logic 0 = BIT condition. 

+ 100LSBs of error with a filter 

of 500us. LOS or LOR 

Drive Capability 50 pF + 

Logic 0; 1 TTL load, 1.6 mA at - 
0.4V max 

Logic 1; 10 TTL loads, -0.4 mA 
at 2.8V min 

Logic 0; 100mV max 

Logic 1; +5V supply minus 
100mV min 


VELOCITY CHARACTERISTICS Each Channel 


differential 
Common Mode Range 


90V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Synchro Input (L-L) 
Zin line-to-line 
Zin line-to-ground 
Common Mode Voltage 
11.8V Resolver Input (L-L) 
Zin single ended 
Zin differential 
Common Mode Voltage 
2V Direct Input (L-L) 
Voltage Range 


DIGITAL INPUT/OUTPUT 


Logic Type 
Inputs 


Resolution Control (A & B) 


Each Channel 
Inhibit (INH)(common) 


Enable Bits 1 to 8 (EM) 
Enable Bits 9 to 16 (EL) 


Outputs 
Parallel Data 


120k 540k min 
50, 200, 
100 transient {| 300 transient 


Each Channel 


123k 
80k 
180 max 


52k 
34k 
30 max 


70k 
140k 
30 max 


2 nom, 2.3 max 
25 cont, 100 pk transient 
20 M // 10 pF min 


TTL/CMOS compatible 

Logic 0 = 0.8V max. 

Logic 1 = 2.0V min. 

Loading =10la max P.U. cur- 
rent source to +5V //SpF max. 
CMOS transient protected 


See Table 2. 


Each Channel 

Logic 0 inhibits ; Data 
stable within 0.5t1s 

Logic 0 enables; Data stable 
within 150 ns 

Logic 1 = High Impedance 

Data High Z within 100 ns 


Common to Both Channels 
16 parallel lines; 2 bytes natural 
binary angle, positive logic 


Polarity 

Voltage Range(Full Scale) 
Scale Factor 

Scale Factor TC 
Reversal Error 

Linearity 

Zero Offset 

Zero Offset TC 

Load 

Noise 


POWER SUPPLIES 


Nominal Voltage 
Voltage Range 

Max Volt. w/o Damage 
Current 


TEMPERATURE RANGE 


Operating 
-30X 
-10X 
Storage 


PHYSICAL 
CHARACTERISTICS 


Size 


Resolution 


TABLE 2. RESOLUTION CONTROL (A&B 
a a ae 


Positive for increasing angle 
4.5 typ 4 min 
10 typ 
100 typ 
1 typ 
0.5 typ 
5 typ 
15 typ 


0 to +70 
-55 to +125 
$5 to +150 


1.50 x 0.78 x 0.21 
(36.75 x 19.81 x 5.33) 
0.66 


Note: 47 - 5k for 90V, 60Hz; 360 - 5k for 90V, 400Hz 
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The SDC-14620 Series of converters are based upon a single 
chip CMOS custom monolithic. They are implemented using 
the latest IC technology, which merges precision analog circuitry 
with digital logic to form a complete high performance tracking 
resolver to digital converter. 


CONVERTER OPERATION 


Figure 1 is the Functional Block Diagram of SDC-14620 Series. 
The converter operates with a single +5 Vdc power supply and 
internally generates a minus voltage of approximately 5 volts. 
This minus voltage comes out on pin 24(channel ‘B’ filter point) 
and pin 52(channel ‘A’ filter point) — see GENERAL SETUP 
CONSIDERATIONS. Analog signals are referenced to analog 
ground, which is at ground potential. The converter is made up 
of three main sections; an input front-end, a converter, and a 
digital interface. The converter front-end differs for synchro, 
resolver, and direct inputs. An electronic Scott-T is used for 
synchro inputs, a resolver conditioner for resolver inputs and a 
sine and cosine voltage follower for direct inputs. These 
amplifiers feed the high accuracy Control Transformer (CT). Its 
other input is the 16 bit digital angle 9. Its output is an analog 
error angle, or difference angle, between the two inputs. The CT 
performs the ratiometric trigonometric computation of 
SINOCOSo - COS@SINd = SIN(6->) using amplifiers, switches, 
logic, and capacitors in precision ratios. 


The converter accuracy is limited by the precision of the com- 
puting elements in the CT. In these converters ratioed capacitors 
are used in the CT, instead of the more conventional precision 
ratioed resistors. Capacitors used as computing elements with 
op-amps need to be sampled to eliminate voltage drifting. 
Therefore, the circuits are sampled at a high rate to eliminate this 
drifting and at the same time to cancel out the op-amp offsets. 


The error processing is performed using the industry standard 
technique for type II tracking R/D converters. The dc error is 
integrated yielding a velocity voltage, which in turn drives a 
voltage controlled oscillator (VCO). This VCO is an incremental 
integrator (constant voltage input to position rate output), which 
together with the velocity integrator forms a type II servo feed- 
back loop. A lead in the frequency response is introduced to 
stabilize the loop and another lag at higher frequency is introduced 
to reduce the gain and ripple at the carrier frequency and above. 
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The following recommendations should be considered when 
hooking up the SDC-14620 Series converters: 


1) The power supply is +5Vdc. For lowest noise performance it 
is recommended that a 10uF/10Vdc (or larger)tantalum filter 
capacitor be connected to ground (pin 19) near the converter 
package. 

2) Direct inputs are referenced to A GND. 


3) Connect (close to the hybrid) pins 5 & 32(Analog Ground) to 
pin 19(GND). 

4) A 10uF/10Vdc tantalum filter capacitor must be added exter- 
nally from pin 24(channel ‘B’ filter point) to pin 19 (ground). 
Furthermore, a 104F/10Vdc tantalum filter capacitor must be 
added externally from pin 52(channel ‘A’ filter point)to pin 19 
(ground). 


PROGRAMMABLE RESOLUTION 


Resolution is controlled by Pins 49 and SO for channel A; pins 
21 and 22 for channel B . The resolution can be changed during 
converter operation so the appropriate resolution and velocity 
dynamics can be changed as needed. To insure that a race 
condition does not exist, between counting and changing the 
resolution, the resolution control is latched internally. Refer to 
Table 2 for Channel A and B resolution control. 


BIT, BUILT-IN-TEST 


This output is a logic line that will flag an internal fault condition, 
LOS (Loss-Of-Signal), or LOR (Loss-Of-Reference). The inter- 
nal fault detector monitors the internal loop error and, when it 
exceeds + 1OOLSBs, will set the line to a logic 0; this condition 
will occur during a large-step input and will reset to a logic 1 
after the converter settles out. (The error voltage is filtered with 
a S0Ous filter.) BIT will set for an overvelocity condition because 
the converter loop can’t maintain input/output sync. BIT will 
also be set if either a LOS or LOR input occurs. 


NO FALSE 180° HANGUP 


This feature eliminates the "false 180° reading" during instan- 
taneous 180° step changes; this condition most often occurs 
when the input is "electronically switched" from a digital-to- 
synchro converter. If the "MSB"(or 180° bit) is "toggled" on and 
off, a converter without the "false 180° hangup" feature may fail 
to respond. 

The condition is artificial, as a "real" synchro or resolver 
can’t change its output 180° instantaneously. The condition is 
most often noticed during wrap-around verification tests, 
simulations, or troubleshooting. 
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CORPORATION 


SOLID-STATE BUFFER INPUT PROTECTION — TRAN- 
SIENT VOLTAGE SUPPRESSION 


The solid-state signal and reference inputs are true differential 


inputs with high ac and dc common rejection , so most applica- FOR 90V SYNCHRO INPUTS 
tions will not require units with isolation transformers. Input $3 i 

impedance is maintained with power off. The recurrent ac peak 

+ dc common mode voltage should not exceed the values in 5 iad 
Table 1. HYBRID 


1N6071A 
The 90V line-to-line systems may have voltage transients which 


exceed the 300V specification listed in Table 1. These tran- 
sients can destroy the thin-film input resistor network in the 


hybrid. Therefore, 90V L-L solid-state input modules may be 90V 115V 
protected by installing voltage suppressors as shown. Voltage oe hoe 
transients are likely to occur whenever a synchro is switched on 

and off. For instance a 1000V transient can be generated when CR1, CR2, AND CR3 ARE INGO68A, BIPOLAR TRANSIENT 

the primary of a CX or TX input is opened. See figure 2. VOLTAGE SUPPRESSORS OR EQUIVALENT. 


INHIBIT and ENABLE TIMING 


The Inhibit (INF) signal is used to freeze the digital output angle FIGURE 2. CONNECTIONS FOR VOLTAGE TRAN- 
in the transparent output data latch while data is being trans- SIENT SUPPRESSORS 

ferred. Application of an Inhibit signal does not interfere with 

the continuous tracking of the converter. As shown in figure 3, 

angular output data is valid 500 nanoseconds maximum after the 

application of the low-going inhibit pulse. 


Output angle data is enabled onto the tri-state data bus in four 
bytes. The Enable MSB (EM-A or EM-B ) is used for the most 


significant 8 bits and Enable LSB (EL-A or EL-B ) is used for INHIBIT | | 
the least significant bits. As shown in figure 4, output data is 
valid 150 nanoseconds maximum after the application of a >| /« 500ns max 


low-going enable pulse. The tri-state data bus returns to the high 
impedance state 100 nanoseconds maximum after the rising edge 


of the enable signal. DATA Y JURY JJM!MMp, 


FIGURE 3. INHIBIT TIMING 


EM OR EL | 


al ~« 150ns max 
>| bo 100ns max 


DATA HIGH Z YA no VY HIGH Z 


FIGURE 4. ENABLE TIMING 
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A Type II servo loop (Ky =e) and very high acceleration 
constants give the SDC-14620 superior dynamic performance. 


TRANSFER FUNCTION AND BODE PLOT 


The dynamic performance of the converter can be determined 
from its Functional Block Diagram (figure 1), its transfer func- 
tion block diagram (figure 5), and its Bode Plots (open and 
closed loop — figure 6). Values for the transfer function block 
can be obtained from Table 3. 


The open loop transfer function is as follows: 


Open Loop Transfer Function = 


where A is the gain coefficient 


and _ BB is the frequency of lead compensation 


VEL OUT 


DIGITAL 
POSITION 
OUT 


Open Loop Transter Function = Output a Planar 
—_—_ eee ad ba: 
? (s5*? ) 
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Ne = BW = Y2A(H2) 
CLOSED LOOP ZN 2Vv2n w(rad/sec) 


] 
| 
FIGURE 6. BODE PLOTS 


ACCURACY AND RESOLUTION 


Table 4 lists the total accuracy including quantinization for the 
various resolution and accuracy grades. 


TABLE 4. ACCURACY/RESOLUTION 
ACCURACY RESOLUTION (minutes 
minutes 10 BIT 14 BIT 16 BIT 


+4 +1LSB 9.3 


TABLE 3. DYNAMIC CHARACTERISTICS 


Each Channel 


Input Frequency 
Bandwidth(Closed Loop) 
Ka 


Al 
A2 
A 


Tracking Rate (rps) 

typical 

minimum 
Accelleration (1LSB lag) 
Settling Time (179°step max 
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16 
160 10 2.5 
128 8 2 
18,600 1,160 290 
50 60 140 320 
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1 | $1-A(R)| S1-A(S) | N.C.___|54| VEL-A_(Velocity Qutput chan.A) 
[2 ['s2-a(R)| s2-a(s) |Cos-A(D) |53/N.C. 
3 | S3-A(R) |SIN-A(D) [52] Filter Point-ChannelA | 
IS4-A(R)[ N.C. INC. {51 TNH-A (Inhibit chan.B) 
| A GND-A (analog gnd chan.A) |50| resolution control B (Channel A) _ 
|RH-A___(+Reference Input) __|49| resolution control A (Channel A) | 


RL-A -Reference Input 48 | EL-A Enable LSBs chan. B 


BIT-A _ (Built-In-Test chan. A) |46| Bit16 (LSB, 16-bit mode 
Bit1 __ (MSB ——————— 
rpit2.  —“~;*s~* dC 
Bit10 (LSB, 10-bitmode) |42] Bit14 (LSB, 14-bit mode 
pits —“‘~* A BRS sd 
pat) _jao) att 
7| Bit12 (LSB, 10-bit mode) |38| BIT-B —(Built-In-Test chan. A 
+5V Power Suppl EM-B (Enable MSBs chan. B 


E 
GND (Ground 
EL-B (Enable LSBs chan. B 
resolution control A (Channel B 


36 
35 
34 
[resolution control B(ChannelB)|33|N.C. 
32 
31 
30. 
20 


Filter Point - Channel B 


re j 
INH-B Inhibit chan.B 


83 [| [8 [8 |* [8 |o [a |S [os [a fa [a [is [ES [ofS Jo lo > 
| 


. 
| $2-B(R) | 


| $2-B(S) | +COS-B(D) | 
a7[Nc. 28] S1-B(R)] S1-B(S) | NC 


Notes: 

1. (S) = Synchro; (R) = Resolver; (D) = 2V Resolver Direct 

2. Connect (close to the hybrid) pins 5 & 32 to pin 19. 

3. Connect a 10uF/10Vdc tantalum filter cap from pins 24 to pin 19. 
4. Connect a 10uF/10Vde tantalum filter cap from pin 52 to pin 19. 
5. Connect a 10uF/10Vde tantalum filter cap from pin 18 to pin 19. 


SDC-14620 SERIES 


0.210 MAX 1.5 MAX 
(5.33) (36.75) 
0.160 MIN 
(4.064) NUMBERS FOR 
REFERENCE ONLY 
0.050 
(1.270) 


a S 1.270 
06 30 2 54 
=== ©5©O©©QOOOQOQOGO® 
Ft 200000800 0000 
53 
0.400 0.600 0.780 MAX 
(10.160) (15.240) (19.81) 
| 
~ (0.203) i in 
a 0.050 Mhe7e) INDEX 
(1.270) 0.100 TYP DENOTES PIN 1 
(2.54) 
1.200 
(30.480) 
1.300 
(33.020) 
NOTES: 


nm — 


Dimensions are in inches (millimeters). 
Lead identification numbers are for reference only. 
Lead clusters shall be centered within + 0.005 (0.127) of outline dimensions. 


o 


Lead spacing dimensions apply only at seating plane. 
. Pin material meets solderability requirements to MIL-STD-202E, Method 208C. 
. Case is hermetically sealed ceramic package. 


nn > 


FIGURE 7. SDC-14620 MECHANICAL OUTLINE 


ORDERING INFORMATION 


SDC- 1462X - X X X 
Accuracy: 
2=4min+1LSB 
4=2min+1LSB 


Rellability: 
0 = Standard DDC procedures 
1 = 883B Processing Available* 
2 = 168 hour burn-in at 125°C* 
Operating Temperature Range: 
1 = -55 to +125°C 
3= 0to+70°C (standard reliability only) 
Input Option: 
0 = 11.8V, Synchro, 400Hz 
1 = 11.8V, Resolver, 400Hz 
2= 90V, Synchro, 400Hz 
3= 2V, Direct, 400Hz 
4= 90V, Synchro, 60Hz 


* 55°C to +125°C temperature range only 
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SDC-14700* 


9 DECADE SYNCHRO AND RESOLVER 
TO BCD CONVERTER 


DESCRIPTION 


The SDC-14700 converter is a pin 
programmable, high resolution (0.01°) 
synchro and resolver to BCD tracking 
converter. It continuously converts 3 
wire synchro or 4 wire resolver infor- 
mation into BCD angle format, at 
rates up to 180° per second. Its 
operating frequency range is 47 Hz to 
1200 Hz. The unit is available in 
accuracy grades of +0.03° and +0.05°. 
An SDC-14701 converter, which oper- 
ates with a 2 V signal, is also available. 
The SDC-14701 allows for the use of 
an inexpensive standard 400 Hz, 26/ 
11.8 V or 26/12.6 V resolver at 60 Hz 
reference. 

Both the SDC-14700 and the SDC- 
14701 are equipped with a +2° offset 
adjust for system zeroing (Figure 1). 
Digital outputs are CMOS and TTL 
compatible. The unique control trans- 


REFERENCE REFERENCE 
INPUT CONDITIONER 
TSYNCHRO 
OR 
RESOLVER = SriNcHiie 
INPUT RESOLVER 


INPUT 


tTTRANSFORMER 


former algorithm used in these units 
provide for inherently higher accuracy 
and jitter free output. Utilizing a type 
Il servo loop, the converter has no 
velocity lag up to 180° per second, 
and the output data is always fresh 
and continuously available. Each unit 
is factory trimmed and requires no 
field adjustments or calibrations. 


APPLICATIONS 


The broad capabilities of the SDC- 
14700 and the SDC-14701 make them 
cost effective devices for use in sys- 
tems where analog angle information 
must be converted into accurate high 
resolution BCD data. They are suitable 
for rugged industrial and commercial 
applications. Military uses include 
ground support and avionics, such 
as ordnance control, radar tracking 
systems, navigation and collision avoid- 
ance systems. 


SIN (8-@) 


DEMODULATOR 
REF 


FEATURES 


@ HIGH RESOLUTION: 0.07° 
(5 DECADE) 


@ HIGH ACCURACY: +0.03° OR 
+0.05° 


@ P/INPROGRAMMABLE: ACCEPTS 
ALL STANDARD SYNCHROS 
OR RESOLVERS 


@ OFFSET ADJUST FOR SYSTEM 
ZEROING 


@ FREQUENCY RANGE: 47Hz TO 
1200 Hz 


*Patented 


OFFSET ADJUST 


<s, TLINE LEVEL 
ERROR SELECT 
PROCESSOR 
ie . (INH) INHIBIT 


Mee (CB) CONVERTER 
BUSY 


UP/DOWN 
COUNTER 


tApplies to SDC-14701: 
1. Synchro select, line level select and synchro input are not available. 
2. Input is solid state voltage follower. 


FIGURE 1. BLOCK DIAGRAM 
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oO SDC-1 4700* 


CORPORATION 
MECHANICAL OUTLINE 


2.625 +.015 2.625 +.015 100 (TYP) 
(66.7 0.4) (66.7 0.4) (2.54) (TOL. NONCUM) 


# rT] a = 
a a a s |— 
rT] rT] s = 
rT] a ] a 
| + Gi + 
@® 10 + a + 
#8 + # + 
a4 + a os 
@2 + a + 
@ 1 + i + 
#8 + a + 
es .4 * s + 82 
8 2 + bi + (MAX) 
Ss 1 F + & . + 
3.1254.015| & i, SDC-14700 a . SDC-14701 + | (21) 
(79.4 +0.4) = 04 4 a - 
@ 02 11.8V @ 2. + 
# 01 26V @ a. ~ 
+ INH @ + a 
+ CB + ad 
@S1 VO @ ~ i 
8 SS —0 8 + a 
@ S3’ +0 @ + a 
BS3 + & + 
.26 = S4 if rt i 
(7) aS RL @ + a 
B S2 RH 8 * a 


.25 (MIN) 
(132) 


.025 +.001 


BOTTOM VIEW (0.6 £0.03) 
SQ PIN 


SIDE VIEW 
NOTES: 


1. Pin material meets solderability requirements of MIL-STD-202 method 208. 
2. Case material is glass filled Dially] Phthalate per MIL-M-14, type SDG-F. 

3. Pin callouts on bottom view for reference only. 

4. Dimensions in inches (millimeters). 


ORDERING INFORMATION 


SDC-14700 -3 9 4 
Le. Accuracy Grade: 


4=+0.05° 
5=+0.03° 
Inputs: * 


9 = Standard (pin programmable 
11.8V, 26V or 90V) 
8 = 2V (for direct input) 


Temperature Range: 
3=0°C to +70°C 


Type: 
0 = Standard 
1 = Direct Input 


Family Code 


*SDC-14700 available with input option 9 only. 
SDC-14701 available with input option 8 only. 


B-ABR 
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O00... SDC-19204 MONOBRID’ SERIES 


10, 12, 14, OR 16 BIT INDUSTRIAL 
SYNCHRO TO DIGITAL CONVERTERS 


FEATURES 
LOW COST 


DESCRIPTION 


The SDC-19204 Monobrid Series are resistor to provide up to + 10VDC for the 
versatile state-of-the-art synchrotodigi- required maximum tracking rate. 
tal converters featuring programmable 


sei cer at heles bandwidth and a velocity sepLicATIONS BUILT-IN-TEST (BIT) AND LOSS- 
i oe The SDC-19204 Series converters are OF-SIGNAL (LOS) OUTPUTS 


Resolution programming allows selec- designed for use in modern high per- 


tion of 10, 12, 14, or 16 bits and are 
available with commensurate accura- lOrMAnCS: <COMMEIMa! «ahd INaUSiial 
control systems. Applications include 


widen hie paneiocnnel motor control, theodolite, radar antenna 
prog g g g position information, CNC machine tool- 


ins : ya i apnea anve tial ls Andel ing, robot axis control, and process con- @e PROGRAMMABLE RESOLUTION 
Th locity output (VEL) f P eee trol. With their low cost and superior per- 

every OUlpu TOMES - formance, the SDC-19204 Series con- 
19204 is a ground based voltage of Oto Verters are ideal for motion control and | ® PROGRAMMABLE BANDWIDTH 


se . a linearity of 2.0%. VEL position monitoring applications. 
may be scaled up by a single external @ ACCURACY TO +23 ARC MIN. 


IDEAL FOR MOTOR CONTROL 


VELOCITY OUTPUT ELIMINATES 
TACHOMETER 


| | CONVERTER 1 LSB ANTIJITTER FEEDBACK 


SYNCHRO | SIGNAL E 
INPUT [sk INPUT 


SIN @ 
| Shea SB ele to “eI 
TRANSFORMER 
ae = tet 
‘ithe oc | | r 
a ii TT 
OF 2 | ai 
| ZERO SET 
| MING 
iF 
| 16 BIT 
: UP/DOWN 
| COUNTER 
[ | 
3 | 


Cc 
4 


| SUPPLY | LOSS OF 
CONDITIONER | fe | 
| DETECTOR DIGITAL 
| | INTERFACE 
ax 
st ls INTERNAL | | 
Net Ee rd Ea oe ee 
| D ieee | DELAY 
DIGITAL 
| ANGLE 9 
L | = 


16 BIT OUTPUT 
TRANSPARENT 
| LATCH ]| 0. - i 7 


1 
| 
| 
| 
| 
| 
aa 
| 
| 
1 


3 STATE 3 STATE 
TTL BUFFER TTL BUFFER BUFFER eercer TRANSPARENT O 
+15V 
U B 
Notes: ae; ee , _ { _— th Pee a —— 
1. A’/” through input or output line indicates 
additional functions not shown. See text. +SV | 10 | | 8 | el | 29] 
2. When analog outputs are not required, OPTIONAL 195 = EM BITS1-8 BITS9-16 EL opecoMGronS MC UCB REF BIT a o 
ground — 15V pin (36). CONTROL 


FIGURE 1. SDC-19204 BLOCK DIAGRAM 


@ Monobrid is a registered trademark of ILC Data Device Corporation. 
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SDC-19204 MONOBRID SERIES 


TABLE 1. SDC-19204 SPECIFICATIONS 


These specifications apply over temperature range, power supply range, reference frequency and amplitude range; + 10% signal amplitude variation and 
up to 10% harmonic distortion in the reference. 


fmepeaTasury SSS SSS 


REF INPUT CHARACTERISTICS 
Voltage Range 

Single Ended Input Impedance 
Frequency Range 


4-130 Vrms 


47 Hz to 1 KHz 


SIGNAL INPUT CHARACTERISTICS 


Synchro 
Zin Line to Line 
Zin Each Line to Ground 
Common Mode Range 


11.8VL-L 
52K Ohm 
70K Ohm 
25V max 


123K Ohm 
180K Ohm 
180V max 


DIGITAL INPUT/OUTPUT 
Logic Type 
Inputs Logic 0 = 0.8V max 
Logic 1 = 2.0V min 
-0.3to11V 
—10 nAmax 


Max Voltage w/o Damage 
Loading 

INH (Inhibit) 

EM (Enable bits 1-8) 

EL (Enable bits 9-16) 

S (Control Transformer) 
BW (Bandwidth) 


Resolution Control 
10 Bit 
12 Bit 
14 Bit 
16 Bit 


OUTPUTS 
Parallel Data 
CB (Converter Busy) 
U (Direction) 
MC (Major Carry) 
BIT (Built in Test) 
LOS (Loss of Signal) 
Drive Capability 


10,12, 14, or 16 bits 


Logic 0:1 TTLLoad 
Logic 1:10 TTL Loads 
High Z: 10uA/5pf max 


ANALOG OUTPUTS 
V (Internal DC ref) 
VEL (Velocity) 

e (AC error) 


+5.5V nom 


50mVrms per LSB of error 

25mVrms per LSB of error 
12.5mVrms per LSB of error 
6.3mVrms per LSB of error 


Dynamic Characteristics 


100K Ohm min, 110K Ohm nam 


See Table 4, Dynamic Characteristics 


Voltage options and minimum input impedance, balanced. 


TTL/CMOS compatible 


Pull-up current source to + 5V//Spf max CMOS transient protected. 
Logic O inhibits, Logic 1 enables, Data stable within 0.3us 
Logic 0 enables, data valid within 150 ns. Logic 1 high Z within 100 ns. 


Logic 0 for Control Transformer, Logic 1 for normal tracking. 
Logic 1 = High BW (53 Hz); Logic 0 = Low BW (13 Hz) 


B (pin8) A (pin 7) 


Unused output bits are at logic 0 


Natural binary angle, positive logic 

0.4 us to 0.7 us positive pulse; leading edge initiates counter update. 
Logic 1 counts up, Logic 0 counts down 

Logic 0 at MC 

Logic 0 for BIT condition. 

Logic 1 for LOS (1-3yA pull-up to +5V). 

—1.6mA at0.4V max 

0.4mA at 2.8V min 


See Table 6, Velocity Characteristics 


10 bit mode 
12 bit mode 
14 bit mode 
16 bit mode 


See Table 4, Dynamic Characteristics 
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TABLE 1. SDC-19204 SPECIFICATIONS (Continued) 


SDC-19204 MONOBRID SERIES 


PARAMETER . VALUE DESCRIPTION 


POWER SUPPLY CHARACTERISTICS 
Nominal Voltage and Range 


Max Voltage w/o Damage 
Max Current 


TEMPERATURE RANGES 
Operating 
Storage 


+15VDC +5% 


+18V 
25mA 


PHYSICAL CHARACTERISTICS 
Size 


Weight 


+5VDC +10% -15VDC +5% 
+8V —~18V required, ground — 15V (pin 36). 
15mA 


10mA 


0°C to +70°C 
— 40°C to + 120°C 


1.14x 2.02 x 0.23 inches 
(28.96 x 51.3x5.84mm) 
0.46 0z 
(13 gm) 


Note: When analog outputs are not 


40 pin TDIP 


TECHNICAL INFORMATION 


INTRODUCTION 


The SDC-19204 Series are small, 40 pin TDIP synchro to digital 
hybrid converters. As shown in the block diagram (figure 1), the 
SDC-19204 can be broken down into the following functional 
parts: Signal Input Option, Converter, Analog Conditioner, Power 
Supply Conditioner, and Digital Interface. 


S1 -S3 = VaxSIN@ 


—Vmax 

lex 

eee V/\ /\ _ JN 

® ‘ 

859 ®ccw (DEGREES) 
ats 

£a & 


S3-S2 = VuaxolN(@ + 120°) 
S2- S1 = ViuaxoIN(@ + 240°) 


Standard Synchro Control Transmitter (CX) Outputs as a Function 
of CCW Rotation From Electrical Zero (EZ). 


FIGURE 2. SYNCHRO SIGNALS 


SIGNAL INPUT 


In asynchro, shaft angle data is transmitted as the ratio of carrier 
amplitudes across the input terminals. Synchro signals, which are 
of the form sin#coswt, sin(#+120°)coswt and sin(#+240°)cosut 
are internally converted to resolver format: sin#écoswt and 
cosdcoSwt. Figure 2 illustrates synchro signals as a function of the 
angle #. 


INTERNAL DC REFERENCE VOLTAGE (V). This internal volt- 
age Is not required externally for normal operation of the conver- 
ter. It is used as the internal DC reference common with the 
direct input option. It is nominally +5.5V and is proportional to 
the +15VDC supply. 
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CONVERTER OPERATION 


As shown in figure 1, the converter section of the SDC-19204 
contains a high accuracy control transformer, demodulator, error 
processor, voltage controlled oscillator (VCO), up-down counter, 
zero-set timing, and reference conditioner. The converter pro- 
duces a digital angle ¢ which tracks the analog input angle @ to 
within the specified accuracy of the converter. 


The control transformer performs the following trigonometric 
computation: 
sin(é — o) = sinécosd — cosésing 
Where: 
6 is angle theta, representing the resolver shaft position. 
¢ is digital angle phi, contained in the up/down counter. 


The tracking process consists of continually adjusting ¢ to make 
(9 — d) » 0, so that ¢ will repeat the shaft position 90. 


The output of the demodulator is an analog DC level propor- 
tional to sin(@ — @). The error processor receives its input from 
the demodulator and integrates this sin(@ — @) error signal which 
then drives the VCO. The VCO’s clock pulses are accumulated 
by the up/down counter. The velocity voltage accuracy, linearity 
and offset are determined by the quality of the VCO. Functionally, 
the up/down counter is an incremental integrator. Therefore, 
there are two stages of integration which makes the converter 
a Type II tracking servo. 


In a Type II servo, the VCO always settles to a counting rate 
which makes dd/dt equal to dé/dt without lag. The output data 
will always be fresh and available as long as the maximum 
tracking rate of the converter is not exceeded. 


The SDC-19204 has unique zero-set timing circuits that cancel 
Out all internal op-amp DC offsets. This zero-setting is done 
twice a reference input carrier cycle centered around the zero 
crossings. Each zero-setting cycle lasts for 18us. During this 
time, the resolver input is disconnected and a zero input is 
switched in. The digital input to the control transformer is latched. 
The resultant DC error at the output of the demodulator is sam- 
pled and injected back in during the normal mode of operation. 

The result is an effective way of simulating DC offset-free op- 
amps which ensure a converter whose actual dynamic and large 
signal performance is the same as its mathematical theoretical 
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performance. In a somewhat similar manner, the velocity op-amp 
integrator's DC offset voltage is also cancelled out with this 
zero-setting scheme. 

The reference conditioner is a comparator that produces the 
square wave reference voltage which drives the demodulator. 
It is single ended ground based with an input Z of 100K ohms 
min, 110K ohms nom, resistive. 


MINIMIZE ERROR DUE TO QUADRATURE. In those applica- 
tions where highest accuracy is needed, the REF input can be 
phase shifted by adding a capacitor in series with the REF in- 
put (pin 40) to add a phase lead equal to the nominal phase lead 
of the synchro input. To determine the capacitors value, see 
figure 3. 


SDC-19204 


REF ae 


Note: 
Choose C such that the V, to REF phase lead is equal to the synchro 
to REF phase lead plus 9us. 


FIGURE 3. PHASE SHIFTING THE REF INPUT 


QUADRATURE VOLTAGES. In a resolver, quadrature voltages 
are by definition the resulting 90° fundamental signal in the nulled 
out error voltage (e) in the converter. A digital position error will 
result due to the interaction of this quadrature voltage and a 
reference phase shift between the converter signal and reference 
inputs. The magnitude of this error is given by the following 
formula: 
Magnitude of Error = (Quadrature Voltage/F.S. signal) * tan(a) 
Where: 

Magnitude of Error is in radians. 

Quadrature Voltage is in volts. 

Full Scale signal is in volts. 

a = signal to REF phase shift. 
An example of the magnitude of error is as follows: 

Let: Quadrature Voltage = 11.8mV 

Let: F.S. signal = 11.8V 

Let: a = 6° 

Then: Magnitude of Error = 0.35 min = 1 LSB 

in the 16th bit. 


Note: Quadrature is composed of static quadrature which is 
specified by the resolver supplier plus the speed voltage which 
is determined by the following formula: 


Speed Voltage = (rotational speed/carrier freq) »* F.S. signal 
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Where: 
Speed Voltage is the quadrature due to rotation. 
Rotational speed is the RPS (rotations per second) 
of the resolver. 
Carrier frequency is the REF in Hz. 


ANALOG CONDITIONER 


The Analog Conditioner section performs three functions. It con- 
verts analog ground from 5.5V to OV, provides a gain of 2 for 
AC Error (e) and a gain of 2.2 for Velocity (VEL). The velocity 
scaling sensitivity can be increased with an external resistor. 
Refer to VEL PROGRAMMING section for more information. 


POWER SUPPLY CONDITIONER 


The power supply conditioner lowers the internal power supply 
voltage to the custom CMOS chip to + 11V from the + 15V supply. 
The +11V will track the +15V. Internal analog ground is one 
half of 11V or +5.5V, nom. 


DIGITAL INTERFACE 


The digital interface circuitry performs three main functions: 
1. Latches the output bits during an Inhibit (INH) command 
allowing stable data to be read out of the SDC-19204. 
2. Furnishes parallel tri-state data formats. 
3. Acts as a buffer between the internal CMOS logic and the 
external TTL logic. 
In the SDC-19204, applying an Inhibit (INH) command will lock 
the data in the output transparent latch without interfering with 
the continuous tracking of the converter’s feedback loop. There- 
fore, the digital angle ¢ is always updated, and the INH can be 
applied for an arbitrary amount of time. The Inhibit Transparent 
Latch and the 50ns delay are part of the inhibit circuitry. For 
further information, see the INHIBIT (INH, PIN 9) paragraph. 
The BIT detect circuitry monitors the error level (D) from the 
demodulator and the LOS (loss of signal) detector detects 
disconnected resolver inputs. 


LOGIC INPUT/OUTPUT 


The digital angle outputs are buffered and provided in a two-byte 
format. The first byte contains the MSBs (bits 1-8) and is enabled 
by placing EM (pin 10) to a logic 0. Depending on the user 
programmed resolution, the second byte contains the LSBs and 
is enabled by placing EL (pin 11) to a logic 0. The second byte will 
contain either bits 9-10 (10 bit resolution), bits 9-12 (12 bit resolu- 
tion), bits 9-14 (14 bit resolution) or bits 9-16 (16 bit resolution). 
All unused LSBs will be at logic 0. Table 2 lists the angular 
weight for the digital angle outputs. 

The digital angle outputs are valid 150 ns after EM or EL are acti- 
vated with a logic 0 and are high impedance within 100 ns, max 
after EL and EM are set to logic 1. Both enables are internally 
pulled up to +5V by —10uA max current sources. 


E-137 


OO 


ILC DATA DEVICE 
CORPORATION 


TABLE 2. DIGITAL ANGLE OUTPUTS 


(MSB ALL MODES) 


2 
3 
4 
5 
6 
7 
8 
9 
10 (LSB 10 BIT MODE) 
11 

(LSB 12 BIT MODE) 
(LSB 14 BIT MODE) 


(LSB 16 BIT MODE) 
Note: EM enables the 8 MSBs and EL enables the LSBs 


_ 
(o>) 


DIGITAL ANGLE OUTPUT TIMING 


The digital angle output is 10, 12, 14, or 16 parallel data bits. All 
logic outputs are short-circuit proof to ground and +5V. The CB 
Output is a positive, 0.4 to 0.7 us pulse. 

The digital output data changes approximately 50 ns after the 
leading edge of the CB pulse because of an internal delay (shown 
in figure 1). Data is valid 0.2 us after the leading edge of CB 
(see figure 4). The angle is determined by the sum of the bits 
at logic 1. 


6.1 ps MIN — 


DEPENDS ON dd/dt 


| | | o407H8 
CB 
0.2us wax] 

VALID 


DATA 
FIGURE 4. CB TIMING 


+ 


= 


NS 
NS 


INHIBIT (INH, PIN 9) 


When an Inhibit (INH) input is applied to the SDC-19204, the 
Output Transparent Latch is locked, causing the output data bits 
to remain stable while data is being transferred (see figure 5). 
The output data bits are stable 0.3 us after INH is driven to logic 0. 
A logic 0 at the T input of the Inhibit Transparent Latch latches 
the data, and a logic 1 applied to T allows the bits to change. 
This latch also prevents the transmission of invalid data when 
there is an overlap between CB and INH. While the counter is 
not being updated, CB is at logic 0 and the INH latch is transpa- 
rent; when CB goes to logic 1, the INH latch is locked. If CB 
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occurs after INH has been applied, the latch will remain locked 
and its data will not change until CB returns to logic 0; if INH is 
applied during CB, the latch will not lock until the CB pulse is 
over. The purpose of the 50 ns delay is to prevent a race condition 
between CB and INH where the up-down counter begins to 
change as an INH is applied. 
An INH input, regardless of its duration, does not affect the con- 
verter update. A simple method of interfacing to a computer 
asynchronous to CB is: 

(1) Apply INH. 
(2) Wait 0.3 us, min. 
(3) Transfer the data. 
(4) Release INH. 
As long as the converter maximum tracking rate is not exceeded, 
there will be no velocity lag in the converter output although 
momentary acceleration errors remain. If a step input occurs, 
as when the power is initially applied, the response will be criti- 
cally damped. Figure 6 shows the response to a step input. 
After initial slewing at the maximum tracking rate of the converter, 
there is one overshoot (which is inherent in a Type Il servo). 
The overshoot settling to a final value is a function of the small 
signal settling time. 


ASYNCHRONOUS TO CB 


-—— 0.3us MAX 


FIGURE 5. INHIBIT TIMING 


OVERSHOOT 


| SMALL SIGNAL 
SETTLING TIME 


MAX SLOPE EQUALS 
TRACKING RATE (SLEW RATE) 


FIGURE 6. RESPONSE TO A STEP INPUT 


DATA TRANSFERS 

Digital output data from the SDC-19204 can be transferred to 8 
bit and 16 bit bus systems. For 8 bit systems, the MSB and LSB 
bytes are transferred sequentially (See figures 7 and 8). For 16 bit 
systems, all bits are transferred at the same time (see figures 9 
and 10). 


DIo[c 


ILC DATA DEVICE 
CORPORATION 


(MSB)BIT 1 


BIT 2 
BIT3 


BIT 4 
8 BIT BUS 


BIT5 


BIT6 


BIT 7 


BIT 8 
SDC-19204 
BIT 9 


BIT 10 
BIT 11 
BIT 12 
BIT 13 


BIT 14 


—_ BIT 15 
INH 


(LSB)BIT 16 


FIGURE 7. DATA TRANSFER TO 8 BIT BUS 


EM 150ns MIN 


|}+—>+-ons MIN 


| 
| 
i] 
| 
I 
| 
| 
DATA 1-8 
VALID 100ns MAX 
' 


EL 150ns nin}+—$+ | 
DATA 9-16 
VALID 


100ns MAX 


FIGURE 8. DATA TRANSFER TO 8 BIT BUS TIMING 


SDC-19204 MONOBRID SERIES 


EL 


(MSB) BIT 1 D15 


BIT 2 D14 
BIT 3 D13 
BIT 4 D12 
BIT5 
BIT 6 
BIT 7 


BIT 8 


SDC-19204 16 BIT BUS 


BIT9 
BIT 10 
BIT 11 
BIT 12 
BIT 13 
BIT 14 
BIT 15 


(LSB) BIT 16 


FIGURE 9. 16 BIT DATA TRANSFER 


« — 


|«—300ns MIN 


J+} ons MIN 


DATA 1-16 


FIGURE 10. 16 BIT DATA TRANSFER TIMING 
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PROGRAMMABLE RESOLUTION 


Resolution is controlled by two logic inputs, A and B (see table 
3). The resolution can be changed during converter operation 
so the appropriate resolution and velocity dynamics can be 
changed as needed. To insure that a race condition does not 
exist between counting and changing the resolution, inputs A and 
B are transferred through the latch internally on the trailing edge 
of CB (see figure 11). 


TABLE 3. RESOLUTION CONTROL 


B A RESOLUTION 


Note: All unused digital output data bits are 
at logic 0. 


FASTER SETTLING TIME USING BIT TO REDUCE 
RESOLUTION 


Since the SDC-19204 has higher precision in the higher resolu- 
tion mode and faster settling in the lower resolution modes, the 
BIT output can be used to program the SDC-19204 for lower 
resolution, allowing the converter to settle faster for step inputs. 
High precision, faster settling can therefore be obtained simul- 
taneously and automatically in one unit. (Note: the use of the BIT 
output is not recommended for 16 bit operation.) 


When the resolution is changed, the VEL scaling is also changed. 
Since the VEL output is from an integrator with a capacitor feed- 
back, the VEL voltage cannot change instantaneously. There- 
fore, when changing resolution while moving, there will be a 
transient with a magnitude proportional to the velocity and a 
duration determined by the converter bandwidth. 


CB 
0 us MIN 


0.1 ws MIN 


FIGURE 11. RESOLUTION CONTROL TIMING 


MAJOR CARRY (MC, PIN 32) 


Major Carry is used with Direction Output (U) for multi-turn appli- 
cations. This signal is similar to the popular MSI four bit up-down 
counter CO (Carry Out), thatis, it is normally high and goes low for 
all 1's when counting up or all O’s when counting down. See figure 
12 for a typical interconnection. 


DIRECTION OUTPUT (U, PIN 31) 


Direction Output (U) is shown in figure 13. It is at logic 1 to count 
up and logic O for down. The logic level at (U) is valid at least 
0.5us before and at least 20ns after the leading edge of CB. 
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TURNS COUNTING 


CB 


SDC-19204 U 


MC 


UP/DOWN 
COUNTER 


4 BITS 


z 
oO 


tes: 

(1) For the 4 bit up/down counter, use 74LS169B(TTL) or 4516 (CMOS). 
(2) U = up/down line, logic 1 counts up. 

(3) T = toggle line, counts on positive edge. 


FIGURE 12. TURNS COUNTING CONNECTION DIAGRAM 


CB l [ 


| 
~ 0.5 ws MIN ; 
MAJOR CARRY — | >——— l 


(MC) 20 ns MIN —>| }/e—0.5 us MIN 
DOWN 
/e—0.5uusMIN COUNT 
DIRECTION (U) UP 


COUNT 
> K-05 ys MIN 0.5 us MIN 


DON'T CARE 
FIGURE 13. DIRECTION OUTPUT (U) TIMING 


SYSTEM SELF-TEST 


The SDC-19204 provides two useful logic outputs for systems 
self test, BIT and LOS. 


BUILT-IN-TEST (BIT, PIN 29) 


The Built-In-Test output (BIT) monitors the level of error (D) from 
the demodulator. D represents the difference in the input and 
output angles and ideally should be zero. If it exceeds approxi- 
mately 65 LSBs (of the selected resolution), the logic level at 
BIT will change from a logic 1 to logic 0. This condition will occur 
during a large step and reset after the converter settles out. BIT 
will also change to logic O for an over-velocity condition because 
the converter loop cannot maintain input-output sync or if the 
converter malfunctions where it cannot maintain the loop at a 
null. (Note: the use of the BIT output is not recommended for 
16 bit operation.) 


LOSS OF SIGNAL (LOS, PIN 28) 


The Loss of Signal (LOS) output is used for system safety. The 
LOS output changes from logic 0 to 1 if both resolver inputs are 
disconnected. With disconnected resolver inputs, unpredictable 
converter performance occurs. 
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PROGRAMMABLE BANDWIDTH (BW, PIN 5) 


Either low or high bandwidth can be selected by using the BW 
logic input. A logic 0 applied to BW selects low bandwidth (13 
Hz nom), while a logic 1 selects high bandwidth (53Hz nom). 
Bandwidth can be changed during converter operation. 


Bandwidth and the acceleration constant (K,) can be determined 
from the following formulas: 


Closed Loop Bandwidth (Hz) V2A/r 
K; = Ae 


See Dynamic Characteristics Table 4 and figures 17 to 19 for 
values. 


PARAMETER 


RESOLUTION 


Input Frequency 
Tracking Rate 


Bandwidth, CL 
Ka 

A1** 

A2** 

At 

Be 

acc-1 LSB lag 
Settling time 


1.1K|260} 66 
550 |600} 750 


+RPS minimum 
* Same as value to left 
x See figure 17 for definitions of A1, A2, A, and B. 


LOSS OF 
SIGNAL 


LOS 


DETECTOR 


INPUT 


a 


INPUT TRANSFORMER 


16 BIT CT 
TRANSPARENT 


LA(INH) 
Ey LATCH 


DIGITAL 


16 BIT 
U-D COUNTER 
(SET MODE) 


ro 


LM(EM) LL(EL) 


1-8 9-16 


ANGLE ¢ 
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CONTROL TRANSFORMER MODE (S, PIN 6) 

The converter will function as a Control Transformer (CT) by 
placing S (pin 6) to logic 0. In the CT mode, the digital inputs 
are double buffered, EM is redefined as LM, EL is redefined as 
LL and INH becomes LA (see figures 15 and 20). Figure 14 
shows CT mode timing for a two byte transfer. 

The CT mode is used when the AC error (e) is needed to drive 
an external control loop by the difference angle of the resolver 
input and the digital input. It is also used for presetting the con- 
verter to a specific angle to reduce the step response time. 


se <—tsu 
( 


A Sa \ a 


| 
(LM) EM | | tsu—> a | 
<tw] tw} 


(LL) EL | | 

Notes: 

(1) tw = 100 ns min (pulse width) 1 - data held in latch, 
th = 50 ns min (hold time) 0 - latch is transparent. 
thui = Ons min (hold time inhibit) 
tsu = Ons min (setup time) 
tsui = 300 ns min (setup inhibit) 

(2) When S is low: 
(LM) EM is latch control for MSB byte, 
(LL) EL is latch control for LSB byte, 


FIGURE 14. CT MODE TIMING —- TWO BYTE TRANSFER, 
DOUBLE BUFFERED 


(3) (LA) INH is latch control 
for CT latch: 
1 —latch is transparent, 
0 - data held in latch. 


ZERO REFERENCE 
CONDITIONER 


REF 


SET TIMING 


+15V 


[— SIN 6 ee Ker ae 
HIGH ACCURACY D 
SYNCHRO SIGNAL BIT 
1: CONTROL DEMODULATOR 29| BIT 
1-35 leeks : DETECT 29 


POWER SUPPLY 
CONDITIONER 


7} Le = 
A B 


e~ J 


RESOLUTION 
CONTROL 


FIGURE 15. CONTROL TRANSFORMER BLOCK DIAGRAM 
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ANALOG OUTPUTS 


The analog outputs are AC error (e) and velocity (VEL). If the 
analog outputs are.not required, ground —15V (pin 36). 


AC ERROR (e, PIN 39) 


AC Error Out (e) is used in CT mode. The AC error is proportional 
to the difference between the resolver input angle 6 and the 
digital input angle ¢, (@ — @), with a scaling of: 

50mVrms/LSB (10 bit mode) 

25mVrms/LSB (12 bit mode) 

12.5mVrms/LSB (14 bit mode) 

6.3mVrms/LSB (16 bit mode) 


The error is positive if it is in phase with the reference and 
negative if it is out of phase with the reference. 

The e output can swing +10V peak min with respect to ground 
when the voltage level of the +15V power supplies are 15V. 
The output level range changes proportionally with the power 
supply level. 


VELOCITY (VEL, PIN 38) 


The velocity output (VEL, pin 38) is a DC voltage proportional 
to angular velocity dé/dt. The velocity is the input to the voltage 
controlled oscillator (VCO), as shown in figure 1. Its linearity and 
accuracy is dependent solely on the linearity and accuracy of 
the VCO. 

The maximum VEL output can swing +10V min with respect to 
ground when the voltage level of the +15V power supplies are 
15V. The output level range changes proportionally with the 
power supply level. The analog output VEL characteristics are 
listed in table 5. 


The VEL output has DC tachometer quality specs such that it 
can be used as the velocity feedback in servo applications. 


VELOCITY PROGRAMMING (VEL PROG, PIN 37) 


The velocity output scale factor can be increased by connecting 
an external resistor (R) from VEL PROG, pin 37 to ground. By 
scaling up the output, the noise and offset will increase propor- 
tionally. The value of R can be determined by the following 
formula: 
R — —_10xB/A 
 1-B/A 

Where: 

R = external resistor in K Ohms 

A = specified voltage scaling (RPS/VOLT) 

B = desired voltage scaling (RPS/VOLT) 


SDC-19204 


To determine A, refer to Table 6, Voltage Scaling. 
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TABLE 5. VELOCITY OUTPUT CHARACTERISTICS 


PARAMETER UNIT 


Polarity 

Voltage scaling 

Scale Factor 

Scale Factor TC PPM/°C 


Reversal Error % 


Linearity % Output 


Zero Offset mV 
Zero Offset TC pVi°C 
Load KOhms 
Output Voltage V 


TABLE 6. VELOCITY OUTPUT VOLTAGE SCALING (RPS/VOLT) 


| Bw 10 BIT 12 BIT 14BIT 16 BIT 


DYNAMIC PERFORMANCE 


A Type II servo loop (Ky = ~) and very high acceleration con- 
stants give the SDC-19204 superior dynamic performance as 
listed in table 1. 


VELOCITY RESPONSE 


A filter on the VEL output will, for a step input in velocity, eliminate 
the velocity overshoot (normally critically damped) and filter car- 
rier frequency ripple. The VEL filter is shown in figure 16. 


R=100K 
VEL 
VEL FILTERED 
ai C = 0.082yf 
HIGH BW = *=RAC=1/A 
R=100K ve 


VEL ——— on > FILTERED 
T C=0.33 pf 


LOW BW = 7=RC=1/A 


FIGURE 16. VEL OUTPUT FILTER 
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CORPORATION 
TRANSFER FUNCTIONS \ 


The dynamic performance of the converter can be determined 
from its transfer function block diagram (figure 17) and open and 
closed loop Bode plots (figures 18 and 19). Table 4 lists the 
parameters relating to the SDC-19204's dynamic characteristics 
for different resolution and bandwidth modes. 


a. 
~ 
o 
Ow 


w(rad/sec) 


‘ | l4oB 
| 1 
\ 
1 
VELOCITY | 
ae ates 
INPUT OUT (4) FIGURE 18. OPEN LOOP BODE PLOT 


CONVERTER a (3 : ') , 
TRANSFER G= ————— WHERE: 
FUNCTION S A? =A,A 

2, YO 1*%2 
S (ios ‘i ') | 


Note: See table 4 for values of A1, A2, andB. ZF. 2\ 2V2A w(rad/sec) 


| 
CLOSED LOOP BW (Hz) = “2A 


7 


FIGURE 17. TRANSFER FUNCTION BLOCK DIAGRAM 
FIGURE 19. CLOSED LOOP BODE PLOT 


ACCURACY AND RESOLUTION 


Table 7 lists the total accuracy including quantization for the 
various resolution and accuracy grades. 


TABLE 7. ACCURACY/RESOLUTION 
SDC-1920X SERIES ACCURACY | 10 | 12 | 14 | 16 
BIT | BIT | BIT | BIT 
7O | 3S | 12.3 


MODEL NO. 
2'+1LSB 


SDC-1920X-304 
SDC-1920X-303 3'+ 1LSB ; 8.3 
SDC-1920X-302 4'+1LSB 
SDC-1920X-301 8'+ 1LSB 


SDC-19204 APPLICATIONS 


USING THE SDC-19204 IN THE CT MODE MULTI-TURN APPLICATIONS —USE OF MAJOR 


The CT mode can be applied in servo systems, as shown in CARRY (MC, PIN 32) 


figure 20. In this application, changes in position are commanded Refer to Major Carry paragraph for details. 
by the computer through signals fed to the CT. The CT then USING THE SDC-19204 AS AN S/D WITH VEL TO 
drives the motors through DC power amplifiers. STABILIZE POSITION LOOP 


Figure 21 illustrates a typical use of a SDC-19204 connected as 
an S/D using the VEL output to stabilize the position loop. 
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SYNCHRO 


4. COMPUTER 


FIGURE 20. CT MODE APPLICATION 


SYNCHRO 


REF 
SOURCE 


FIGURE 21. S/D WITH VEL TO STABILIZE POSITION 


INTERFACING THE SDC-19204 
WITH AN IBM PC/XT/AT® 


The SDC-19204 can be connected to an IBM PC/XT/AT through 
the IBM PC Bus located at address HEX 300 through 303. This 
location is reserved by the PC for prototype cards. Figure 23 
illustrates the connection to the IBM PC Bus; figure 22 illustrates 
the timing considerations for the interface. 


E-138 


SDC-19204 MONOBRID’ SERIES 


SDC-19204 TO IBM PC/XT/AT 
THEORY OF OPERATION 


1. The port address where the SDC-19204 is located is hard 
wired with jumpers into the 74LS688 address decoder. This 
address is HEX 300 through 303 and is reserved for prototype 
cards. 


2. Address line A1 selects the upper or lower 8 bits of the SDC- 
19204 to be placed on the Bus. When A‘ is high, bits 1-8 
are selected. 


3. Address line AO sets and resets the SDC-19204 INHIBIT 
line. When AO is low, the INHIBIT command (INH) is invoked. 


4. Toread the output of the SDC-19204, perform the following: 


a. Send address HEX 302 to INHIBIT the SDC-19204 (hold 
data stable) and place bits 1-8 on the Bus. Read and 
store data on DO to D7. 


b. Send address 300 HEX to keep the SDC-19204 in the 
INHIBIT mode and place bits 9-14 on the Bus. Read and 
store data on DO to D7. 


c. Read address 301 HEX or 303 HEX to release the SDC- 
19204 from the INHIBIT mode and prepare for the next 
measurement. No valid data will be on the bus during this 
command. 


5. Since the output data is not valid until 0.5us after the INHIBIT 
command is invoked, the I/O READY line is held low for this 
period of time. When I/O READY returns to the high level, 
the data on the bus reads on the next negative clock edge. 


LATCH READ DATA 


CLK nnAraAnae ve 


ALE OUT 

__J LL, ) eee 
re 

ADDR | VALID ADDRESS OUT 


|<—500nsec MIN PULSE 


V0 es a 
READY 
lO R a aa, ee ceee: OUT 


FIGURE 22. PC APPLICATION —- I/O READ CYCLE TIMING 
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BIT 16 


BIT 15 


BIT 14 


500nSEC MIN 
BIT 13 PULSE 
BIT 12 | | 


74LS$121 Q 


BIT 11 
BIT 10 


BIT 9 
T° soc-19204 


Y3 


v4 wet ted 


BUS DRIVER 
Y5 74LS465 A5 


rT T™C~«dST ST-SD 
. Po aa 
Y7 INH Q CLK 
Y8 
aE I wr 
> PP 
Y1 Y2 Y3 Y4 
= 74LS374 
Se /\ /\ /\ \ / 
Al A2 A3 A4 


3 STATE 
BUFFER 


3 ADDRESS Q3 
DECODER 
4 T4LS688 Q4 


ADDRESS 
SELECTION 
JUMPERS 


/O0 READY 


FIGURE 23. SDC-19204 TO PC CONNECTION DIAGRAM 
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TABLE 8. SDC-19204 PIN FUNCTIONS 


Synchro Input. 
Synchro Input. 
Synchro Input. 
No connection 
Bandwidth. Logic 1 for high BW (530 Hz); logic 0 for low BW (130 Hz). 


Control Transformer Set. Logic 1 for normal tracking; logic 0 for CT operation. Used when AC error (e) is 
needed to drive external control loop by the difference angle of the resolver input and the digital input, and 
for presetting the converter to a specific angle to reduce the step response time. 


Resolution Control. Changes resolution during converter operation to 10, 12, 14, or 16 bit, depending on 
logic level. 


Resolution 

10 BIT 

12 BIT 

14 BIT 

16 BIT 
Inhibit. Logic 0 prevents digital output bits from changing. 
Enable MSBs. Logic 0 enables digital output bits 1-8. Logic 1 disables these bits. 
Enable LSBs. Logic 0 enables digital output bits 9-16. Logic 1 disables these bits. 
Digital Output Bit 1 (MSB all modes) 
Digital Output Bit 2 
Digital Output Bit 3 
Digital Output Bit 4 
Digital Output Bit 5 
Digital Output Bit 6 
Digital Output Bit 7 
Digital Output Bit 8 
Digital Output Bit 9 
Digital Output Bit 10 (LSB-10 BIT MODE) 
Digital Output Bit 11 
Digital Output Bit 12 (LSB-12 BIT MODE) 
Digital Output Bit 13 
Digital Output Bit 14 (LSB-14 BIT MODE) 
Digital Output Bit 15 
Digital Output Bit 16 (LSB-16 BIT MODE) 


Loss of signal. Used for system safety, the LOS output changes from logic 0 to 1 if both resolver inputs 
are disconnected. 


Built-In- Test. Monitors level of error (D) and will change to logic 0 if it exceeds 65 bits, approx. 
Also logic 0 for an over-velocity condition. 


Converter Busy. Indicates digital output update. 
Direction. Logic 1 to count up; logic 0 to count down. 


Major Carry. Used for turns counting applications; normally high, goes low for all 1’s when 
counting up or all 0’s when counting down. 


+5V Supply Voltage 
+15V Supply Voltage 
GND Ground 

=15V Supply Voltage. 


VEL PROG Velocity Programming. Increases output scale factor with external resistor (R) from VEL PROG, pin 37 
to ground. 


VEL Velocity. DC voltage proportional to angular velocity 
e AC Error. Used in CT mode; e is proportional to the difference between the resolver input angle @ and the 
digital output angle ¢(6- ¢). 
REF AC Reference Input. Used to drive internal demodulator. 


Zz 
= 


EM 
EL 
1 
2 
| 
4 
5 
6 
7 
8 
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REFERENCE 
OSCILLATOR 


CB 


VEL 
SDC-19204 


CAN INTERFACE 
WITH 8 OR 16 BIT 


PARALLEL 
DATA 


MICROPROCESSOR 
INH 
EL EM 
FIGURE 24. SYNCHRO CONNECTION 
SOURCES OF SOCKETS FOR THE SDC-19204 ne eee uN, 60/40 TIN 
The following companies are sources of sockets for use with ee noes gator eleg 
the SDC-19204 Series. Consult them for more information. ts TYP BRONZE 
(1.27) 


Aries Electronics, Inc. Single In-Line Socket 
P.O. Box 130 Strip-Line Socket 
Frenchtown, NJ 08825 Part No. 20-05511-11 Behe yay 
Tel: 1-908-996-6841 ORIENTATION 
19 EQ. SP 

‘ ‘ 202 MAX (@0.100= 1.900 
Circuit Assembly Corp. Part No. CA-20-STL-XX XX-X (51.3) TOL.NON CUM 
18 Thomas Street (@2 5448 26) 
Irvine, CA 92718 . 
Tel: 714-855-7887 

PIN NUMBERS 
FOR REF. ONLY 
CONNECTING THE SDC-19204 = 
The SDC-19204 can be attached to a PC board using hand Hee 
solder or wave soldering techniques. Limit exposure to 300°C (5.84) 
(572°F) max, for 10 seconds maximum. 
‘ ; 0.160 

Do not use vapor phase soldering as this product con- +0.040 
tains SN60 or SN62 solder which melts at 180°C (356°F). (4.06+ 1.02) 
Since the SDC-19204 Series converters contain a CMOS 
device, standard CMOS handling procedures should be 
followed. FIGURE 25. SDC-19204 MECHANICAL OUTLINE 
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SDC-1920X-3 0 X 


Accuracy : 


1 = 8min+1LSB 
(12 LSBs Differential Linearity) 


2=4min+1LSB 
(8 LSBs Differential Linearity) 


3 =3min+1LSB 
(4LSBs Differential Linearity) 


4=2min+1LSB 
(4LSBs Differential Linearity) 


Configuration: 
4= 11.8V, 2% Linearity 
6= 90V, 2% Linearity 


Note: 
Differential Linearity is x LSB in the 16th bit. 
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DIGITAL TO SYNCHRO AND RESOLVER 
(D/S, D/R) CONVERTERS 


PRODUCT SUMMARY TABLE 


OUTPUT 
— RESOLUTION | ACCURACY | DRIVE | encxace | DESCRIPTION/FEATURES |e 


DRC-10520 to= 1’ 2VA 32 Pin TDIP | High power D/R converter. 8-bit, 2-byte, double buffered 
1.14 x 1.74 x 0.18"| transparent input latch. BIT output and short circuit output 
— 
+4' 


protection. Ac or dc power amps. Replaces DRC-10500. 
pepe 7 


Requires standard +15V supply. 


36 Pin TDIP 
Hybrid 
1.9 x 0.78 x0.21" 


2 channel D/R. Each channel is independent from the other 
with the exception of the 16 digital lines. Pin programmable 
gain control. 


2.6 x 3.1 x 0.8" | Powered from reference, metal heat sink, all internal F-12 
Module transformers. Short circuit proof and transient protected. 
Thermal cutoff. Output is transformer isolated 90V synchro at 
400Hz and 60Hz. 
DSC-644 14 Bit +4’ 2.6 x 3.1 x 0.5" | Low profile industry standard pin-out. Metal heat sink, current F-16 
Module limited, and transient protected. Internal 400 Hz transformers. 
Low scale factor variation. CMOS and TTL digital input 
compatibility. 
DSC-10510 to +1’ 7VA 40 Pin TDIP | High power D/S converter. Microprocessor compatible. BIT F-22 
2.0 x 1.1 x 0.2" | output and short circuit protected. Ac or dc power supplies. 
5VA drive available. 
to +1’ 2mA 36 Pin DDIP | 16-bit programmable D/S and D/R converter. 8-bit, 2-byte F-25 
1.9 x 0.78 x 0.21"| double buffered transparent latches. Output short circuit 
protection. 0.05% scale factor variation. Replaces HDSC-14. 
1 36 Pin DDIP | 16-bit programmable D/S and D/R converter; 11.8VL-L synchro F-28 
1.9 x 0.78 x 0.21"| or resolver; and 6.8V sin/cos. 90V synchro with optional 
external transformers. 
+10' 25VA | 5.4x5.3x 0.7" | High power torque receiver synchro driver. Options to 115 VA 
PC Card with external booster amp. Short circuit protected, thermal 
cutout, sequenced turn on, input registers. F-31 
5.4 x 5.3 x 0.7" | Same as above but designed for remote power stage. 
PC Card 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
* New Product 


DIGITAL TO SYNCHRO AND RESOLVER CONVERTERS 
BACKGROUND INFORMATION 


INTRODUCTION 


DDC’s Digital-to-Synchro and Digital-to-Resolver converters 
are intended to satisfy a broad category of interface appli- 
cations where digital angle data with binary bit weights 
must be converted accurately to either three-wire synchro 
or four-wire resolver signals. 


From a systems engineer’s standpoint, outstanding perform- 
ance features have been incorporated into these units. They 
are designed for printed circuit board mounting by hand 
soldering and flow soldering techniques. Each unit is fully 
trimmed and tested before leaving the factory. DDC builds 
hundreds of converters each month, making shipments 
from stock acommon occurence. 


THEORY OF OPERATION 


The input to a Digital-to-Synchro (D/S) or Digital-to-Re- 
solver (D/R) converter is a set of binary weighted “‘logic 
levels’’, (ones & zeros), representing the shaft angle, 0, to 
some number of bits of resolution (Figure 1). The first two 
most significant bits (MSBs) of any pure binary coded word 
are the quadrant designating bits (the first three, by similar 
reasoning, are the octant designating bits). The remaining 
bits of the digital word determine the angle precisely by 
adding some value between O degrees and 90 degrees. 
Converting these bits into analog levels corresponding to 
the sin and cos of that angle (between O degrees and 90 
degrees) will enable us to use the quadrant-designating bits 
to establish the appropriate polarity for these analog levels, 
in accordance with the following identities: 


Sin 6 (2nd quad.) = + cos (@-90°) 


Sin 6 (3rd quad.) = — sin (@-180°) 
Sin @ (4th quad.) = — cos (6-270°) 
Cos 6 (2nd quad.) = — sin (@-90°) 


Cos @ (3rd quad.) = — cos (6-180°) 
Cos 6 (4th quad.) = + sin (9-270°) 


Polarity | Polarity 
Quadrant | 1st 2 MSBs Sin 6 Cos 0 
Pos 


4 11 Neg 

3 10 Neg Neg 
2 01 Pos Neg 
1 00 Pos Pos 


By routing the first two MSBs to a set of polarity/signal 
selection logic circuits, we may reduce our problem to tri- 
gonometric D/A conversion in only one quadrant (see Figure 1). 
The first two MSBs are diverted to a quadrant selector circuit 
and the remaining bits are used to program O degrees to 90 
degrees sin and cos function generators. These generators may 
be described as non-linear, bipolar, multiplying D/A converters 
in which the reference input signal is the reference (E ref), 
and the transfer function is either EA = Eref Sin@ or EB=E 
ref cos 0, where @ is the angle represented by the digital input. 


The reference voltage supplied to the D/S converter is trans- 
former or resistor isolated and converted (with the use of a 
centertap) into two equal reference frequency sin waves of 
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O Vref 


DIGITAL 
INPUT 
WORD 


5 > QUADRANT 
= SELECTOR ai 
ye 

i | 

| See ee 


RESOLVER FORMAT SYNCHRO FORMAT 


OUTPUTS OUTPUTS 
FIGURE 1 BASIC DIGITAL-TO-SYNCHRO 


RESOLVER CONVERTER 


opposite phase. After quadrant selection, they are fed to the 
inputs of the function generators. The outputs of the function 
generators are now accurate resolver-format signals. For re- 
solver to synchro conversion, the use of a “‘reversed’”’ Scott-T 
transformer is required in order to convert from 4-wire resolver 
to 3-wire synchro. The outputs produced by these converters 
are low-energy, low-voltage signals and may require the use of 
an external high power buffer amplifier (DDC’s HPB or SBA 
series of amplifiers). 


The conventions for output phasing and for RH, RL for each 
of DDC’s synchro or resolver to digital converters and torque 
receivers are described individually for each product. If the out- 
put of an S/D or R/D converter is used to provide input for a 
D/S or D/R converter, the relative phasing of RH, RL on both 
units should be compared. 


APPLICATIONS 


In all of DDC’s D/S or D/R converters, careful attention must 
be given to making the proper electrical connections. Reversal 
or misapplication of power supplies can result in damage to 
the converter. When preparing the P.C. artwork, keep all AC 
Signals apart from both the digital and power leads. This will 
make it less likely that meter or scope probes will induce 
potentially destructive shorts. 


Care must be taken when handling units which have CMOS 
inputs since they are extremely sensitive to static. Avoid 
handling the units by their leads, keeping them plugged into 
the conductive foam supplied with the unit until they are 
ready for use in a circuit. 


The synchro or resolver system reference must be connected 
to the REF HI and REF LO terminals. It is very important 
that extreme caution be used in handling the reference since 
sometimes it is a high AC voltage, usually from a low source 
impedance. If it makes contact with either a digital input or a 
power terminal, damage will result. The output AC signals are 
derived from (and proportional to) the applied reference. Any 
distortion present on the reference will appear in the output 
signals. The input power to the reference terminals is a negligible 
load for almost any reference source. The typical load for a 
D/S is a CT (control transformer) which is a highly inductive 


DIGITAL TO SYNCHRO AND RESOLVER CONVERTERS 


load with a reasonable Q. It is possible to ‘‘tune” this load by SOME COMMON CONTROL TRANSFORMERS AND THEIR 
placing three capacitors of the proper value across the synchro LOAD IMPEDANCES 
output in a delta configuration (Figure 2). The same holds true 


for the resolver output, except that only two capacitors are ee wee DDC 
Military Converter 
$3 Type Number Number | Transformer 
26 V O8CT4c 100+j490 DSC-644-L 
‘ Cc 26 V 11CT4d 21+j132 DSC-644-L 
11CT4e 838+j4955 DSC-644-H 
15CT4c 1600+j9300 DSC-644-H 
15CT6b 1170+j6780 DSC-644-6 
S1 $2 18CT4c 1420+j3260 DSC-644-H 


C 18CT6b 1680+j5040 | DSC-644-6 


23CT4a 1460+j11050 | DSC-644-H 
FIGURE 2 DELTA CONFIGURATION FOR 
TUNING LOADS 23CT6a 1250+j3980 | DSC-644-6 


required. The formula for determining the size of the capacitor 
is given in Figure 3. Note that good grade capacitors are 
necessary and that they must be able to withstand the full AC 


Please obtain complete data from the synchro manufacturer or other 
sources to determine the impedances. There are many variations in 


te earner eee synchros and you should not assume that a 15 CT 4 anda 15 CT 4d 
output voltage. By tuning the load, you can raise the effective are the same. They are not. 


impedance and thereby drive many more loads simultaneously. 


Do not exceed the converter’s output load ratings since it will 

cause waveform distortion leading to inaccuracies. A false null 

may occur 180 degrees away from the true null due to the fact 

that the converter can alter the angle so fast that the servo 

(load) cannot respond. To avoid this problem, the software (Saq 

which determines how the digital data is generated should +15 —-15+5 GND 

never allow 180 degrees changes to take place in one step. inl — 
SWITCHES Od 


Transients may occur when the data angle changes. This 
usually does not cause any error since the low bandwidth of 
the synchro filters out these transients. If your application 
includes a high speed S/D, be sure that you give the D/S 
enough time to settle before reading the output angle. To test 
these converters you will need the equipment shown in Figure 4. 
We suggest that DDC’s new synchro angle indicator (the 
SR-103) be used to test the D/S. As an alternative, use the bit 
switches to program any angle, and adjust the synchro bridge 
for a null as read by the phase angle voltmeter. The error is FIGURE 4 D/S TEST CONFIGURATION 
equal to the angle read by the bridge subtracted from the 
theoretical angle. If it would seem beneficial to avoid the high 
cost of test equipment, we invite you to use DDC’s facilities 
for ‘‘source inspection”’ at no extra charge. 
X'Lso See page N-19 for a list of Application Notes available from DDC. 
ee ere eee aes 
6rf NF ge)” + (x’ Lso)’] 
Where: 
C = Tuning capacitor in farads in delta connection. 
X'Lso = Reactive component of impedance of one stator 
winding leg with rotor open Circuit. 
f = Frequency in Hz 
R’so = Resistive component of impedance of one stator 
winding leg with rotor open circuit. 


Note: Z's, = 2 (259) 
3 
Stator winding impedance 
Zso with rotor open circuit. 


per leg winding impedance 
with rotor open circuit. 


FIGURE 3 CAPACITOR FOR 
TUNING SYNCHRO STATOR WINDINGS 
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DRC-10520° 


HIGH POWER 16 BIT HYBRID D/R CONVERTER 


DESCRIPTION 
The DRC-10520 is a 16 bit, 32 pin triple 
DIP D/R Converter with 2 VA drive 


capability. Featuring a power amplifier 
that may be driven by astandard +15V 
DC power supply, or by the reference 
source when used with the optional 
power transformer DDC/PN 29306, 
the DRC-10520 provides compati- 
bility with microprocessors through 
its 8 bit 2 byte transparent input latch. 
Data input is natural binary angle in 
TTL compatible parallel positive logic 
format. The DRC-10520 is comprised 
of ahigh accuracy D/R converter and 
a dual power amplifier stage and has 
high accuracy and low scale factor 
variation. In addition, a standard BIT 


Circuit provides a digital overcurrent 
signal output. A logic “O” is used for 
detection of overcurrent condition in 
the sine or cosine outputs. Reference 
inputs are scalable with external 
resistors. Loss of reference signal 
will not damage the converter. 


APPLICATION 


The DRC-10520 can be used where 
digitized shaft angle data must be con- 
verted to an analog format for driving 
control transformers. With its built-in 
input latches, the DRC-10520 is espe- 
Cially compatible with a micropro- 
cessor based system including flight 
simulators, flight instrumentation, fire 
control systems, radar and navigation 
systems, and air data computers. 


FEATURES 


HYBRID CONSTRUCTION 


2 VA DRIVE CAPABILITY 


8 BIT/2 BYTE DOUBLE BUFFERED 
TRANSPARENT INPUT LATCH 


RESOLUTION: 16 BITS 
ACCURACY: TO 1 MINUTE 


POWER AMPLIFIER USES AC 
REFERENCE OR DC SUPPLIES 


e BIT OUTPUT 


+V _V 
OR OR 
+15VDC  —15VDC ae ae 
| HI POWER 
Rig CONVERTER AMPLIFIERS oS eee SYNCHRO 
HIGH ACCURACY SCOTT-T OUTPUT 
RL LOW SCALE FACTOR TRANSFORMER 
VARIATION 
| f BIT 1-16 
| TRANSPARENT LOGIC 0” INDICATES 
l LATCH OVER CURRENT 
; | 
| TRANSPARENT | 
LATCH | 
| | 
—— — << — —= ——s ae eee ae eee eee ee eee oe 4 
LM BITS 1-8 BITS 916 
LA LL 


FIGURE 1. DRC-10520 BLOCK DIAGRAM 


DDC Custom Monolithics utilized in this product are copyright under the Semiconductor Chip Protection Act. 
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SPECIFICATIONS 


Apply over temperature range, power supply ranges, reference voltage and 
frequency range and 10% harmonic distortion in the reference. 


PARAMETER 


RESOLUTION 


ACCURACY AND DYNAMICS 


Output Accuracy 
Without Scott-T 
With Scott-T P/N29305 


Differential Linearity 
Output Settling Time 


DIGITAL INPUT 
Logic Type 


Logic Voltage level 


Load Current 
Timing 


REFERENCE INPUT 
Type 
Voltage 


Frequency 
Input Impedance 
Single Ended 
Differential 


ANALOG OUTPUT 
Type 
Output Current 
Max Output Voltage 
(tracks reference 
input voltage) 
Scale Factor Variation 


DC Offset (each line to 
ground) 
Protection 


POWER SUPPLIES 
Voltage 


Voltage Limits 


Max Voltage Without Damage 


Current 


Peak Current At Power Turn On 
or Short Circuit (when using 


Transformer) 


TEMPERATURE RANGES 
Operating (—3xx) 
(—1xx) 


Storage 


PHYSICAL 
CHARACTERISTICS 
Package Type 
Size 
Weight 


VALUE 


+1, +2 or +4 minutes 
+10 minutes (1.5 VA min for CT load) 
+16 minutes (2VA min for CT load) 


+1 LSB 
Less than 40sec for any digital input 
step change 


Natural binary angle, parallel positive logic 
CMOS and TTL compatible. 
Inputs are CMOS transient protected. 


Logic 0 = 0 to +1.25V 
Logic 1 = 2V to 5V 
20ua max to GND (bit 1-16) 


20a max to Vi (LL, LM, LA) 
See Timing Diagram (Fig. 2). 


Differential 3.4V rms 

Higher voltages are scaled by adding 
series resistors 

DC to 1kHz 


13kQ. 40.5% 
26kQ +0.5% 


Resolver 
300 mA rms, min (2VA, min) 


6.8V rms max line-to-line +1% 
Simultaneous amplitude variation in all 
output lines as function of digital angle is 
+0.1% max. 


+15mV max varies with input angle. 
Output is protected from overcurrent, 
short circuits and voltage feedback 
transients. 


20V peak max 
3V above output 
voltage min. 
+25vV. | ~-25V 
load dependent 


| 
700mA max 


0°C to +70°C case 
—55°C to +125°C case 
—55°C to +135°C 


32 pin triple DIP 
1.14 x 1.74 x 0.18 inch (29 x 44 x 4.4mm) 


1.15 oz (33g) 


DRC-10520° 


—s = 200ns min. 
TRANSPARENT — — — 
LATCHED —— — JL 
| 
se XXAXX | KKK 
50ns min. ph 100ns min. 


FIGURE 2. LL, LM, LA TIMING DIAGRAM 


TECHNICAL INFORMATION 

INTRODUCTION 

The DRC-10520 is a digital to resolver (D/R) converter 
which has an inherently high accuracy and low scale 
factor variation. The circuit is based on an algorithm 
whose theoretical math error is only +3.5 arc-seconds and 
whose theoretical scale factor variation with angle is less 
than +0.015%. Therefore accuracy and scale factor are 
limited only by the physical components, not by the 
algorithm. 

The digital inputs are CMOS double buffered transparent 
latches (Figure 1). Angle is determined by adding bits in 
the logic 1 state. 


REFERENCE LEVEL ADJUSTMENT 

The input is specified for operation at a reference level of 
3.4V rms; however, reference levels other than 3.4V rms 
may be scaled by calculating the value of the scaling 
resistor with the following equation: 


(Vrer —3.4) 
Reer = 34 x 13k 
eg., if Vere = 26V rms, then Reger = aa x 13k 
=86.4kQ2 
RREF 


Ry 


REF 
INPUT DRC-10520 


Re 


The output is 6.8V rms line-to-line resolver format signal 
which may be converted into a synchro format of 11.8V 
line-to-line with the companion Scott-T transformer mod- 
ule available as DDC P/N29305. 


DRIVING THE POWER AMPLIFIER WITH THE 
REFERENCE 

The high power amplifier stage can be driven by a stand- 
ard +15V DC supply or with a high efficiency pulsating 
power supply derived from the reference voltage source. A 
companion power transformer DDC P/N29306, designed 
to implement the pulsating power source for the DRC- 
10520 is also available (Figure 3). The DRC-10520 will not 
be damaged by sequencing order inthe +15V, Vi supplies 
or the reference input. 
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OUTPUT PROTECTION AND BIT 

The output is protected from overcurrent, short circuits 
and voltage feedback transients. The BIT circuit detects 
overcurrent conditions in the sine or cosine resolver 
output. A logic “O” is used for overcurrent detection. 
Normal operation is logic “1”. The BIT line is normally at 
logic “1”. An overload or short circuit will cause the BIT 
line to drop after 1 sec when the output current exceeds 
a peak level of approximately 450mA. 


OUTPUT PHASING AND OUTPUT SCALE FACTOR 
The analog output signals have the following phasing: 

sin = (Ruy — Ri) Ao (1 + A (8)) sin 6 

cos = (Ruy — Ri) Ao (1 + A (8)) Cos 8 
The output amplifiers simultaneously track reference volt- 
age fluctuations because they are proportional to 
(RH-RL). The amplitude factor Ao is 2 for 6.8V rms L-L 
output. The maximum variation in Ao from all causes is 
0.3%. The term A(@) represents the variation of the 
amplitude with the digital input angle. A (8), which is 
called the scale factor variation, is a smooth function of @ 
without discontinuities and is less than +0.1% for all 
values of 6. The total maximum variation in Ao (1 +A (@)) 
is therefore +.4%. 


Because the amplitude factor (Rx#—RL) Ao (1 + A (8)) varies 
simultaneously on all output lines, it will not be a source of 
error when the DRC-10520 is to drive a ratiometric system 
such as a resolver or synchro. However, if the outputs are 
used independently, as in x-y plotters, the amplitude vari- 
ations must be taken into account. 


DRC-10520° 


THERMAL CONSIDERATIONS 
The power stage consists of two power amplifiers; one for the 


sine output and one for the cosine output. Maximum power stage 


junction temperature rise occurs at 0° and 180° for the sine 


output and 90° and 270° for the cosine output. 

Maximum power dissipation for the hybrid occurs at the inter- 
quadrant points: 45°, 135°, 225°, and 315°. At these points the 
total power dissipation of each amplifier is 0.707 max. Therefore, 
the total power dissipation is 1.41 times the max for any one 
amplifier. 

The thermal resistance junction to the outside of the case is 
10.6°CW. For a 2 VA purely inductive load and +15VDC power 
supplies, the junction temperature rise is 42°C. For a real induc- 
tive load (one that has some power dissipation) and using pulsat- 
ing supplies, the power dissipated is cut in half. The temperature 
rise is also halved to 21°C. 


PIN CONNECTION TABLE 


-OOAOAN ONAL WN — 


REFERENCE 
SOURCE 


26V rms 
400 Hz 


PARTS LIST FOR 400 Hz 
For T1 and T2 see Ordering Information. 
D1, D2, D3 and D4= 1N4245 
C-1 and C-2=22 uf, 35V DC capacitor 


Re 


+ SIN 
+V 


DRC-10520 


GND 


+15V 
DIGITAL INPUT 


FIGURE 3. TYPICAL CONNECTION DIAGRAM UTILIZING PULSATING POWER SOURCE FOR SYNCHRO OUTPUT 
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MECHANICAL OUTLINE 

32 Pin Triple DIP 175 MAX 
(4.4) 


1.140 
(29) ' 


A 120 +.002 
018 +,002 (.46 +. 
a 8 +.002 (.46 +.05) 


DIA PIN 
.120 +.002 
(3.05) BOTTOM VIEW SIDE VIEW 
NOTES: 


1. Dimensions shown are in inches (millimeters). 

2. Lead identification numbers are for reference only. 

3. Lead cluster shall be centered within +0.010 of outline 
dimensions. Lead spacing dimensions apply only at 
seating plane. 

4. Pin material meets solderability requirements of 
MIL-STD-883, Method 2003. 

5. Tol +.005 unless otherwise noted. 


ORDERING INFORMATION 


DRC-10520-X X X 


Accuracy: 3 = +4 minutes 
4 = +2 minutes 
5 = +1 minute 
Reliability Grade: 0 = Standard DDC procedures. 
1 = Fully compliant with MIL- 


STD-883 
2 = Screened to MIL-STD-883 
but without QCI testing 


Operating Temperature Range: 
1 = —55°C to + 125°C (case) 
3 = 0°Cto + 70°C (case) 


TRANSFORMERS 

FORT] USE: 

P/N 29306 Power Transformer used for driving amplifier 
stage with reference source. 

P/N 33920 Power Transformer for 115V input. 

FOR T2 USE: 

P/N 29305 Scott-T Transformer for 11.8V Synchro output. 

P/N 29947 Scott-T Transformer for 11.8V Resolver output. 

P/N 32976 Scott-T Transformer for 9OV Synchro output. 


NOTE: The transformers listed above are representative of 
many available models. For alternative size and line 
to line levels contact the factory. 
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MECHANICAL OUTLINE Dimensions in inches (millimeters) 
POWER TRANSFORMER (29306) 


1.00 MAX 
(25.4) 


800 +.005 3 
imine TYP 
(20.3 +.13) 32 
700 +.010 
(17.8 +.25) 


.050 TYP 
(1.3) 


.100 TYP 
(25.4) 
TOL NON-CUM 


4-40 INSERT 


TERMINALS 0.020 +0.002 (0.51 +0.05) | 
6 INTERNAL THREADS 


x .187 MIN LG. BRASS SOLDER PLATED 


MECHANICAL OUTLINE 
OUTPUT SCOTT-T TRANSFORMER (29305) 


1.90 MAX | 
(48.2) 


.02 TYP 
(.5) 


1.700 +.010 


(43.1 + 254) 


1,600 +.010 
(40.6 +.254) 


050 TYP 
(1.3) 


.600 +.010 
(15.2 +.254) 


Suen ‘a 


4-40 INSERT 6 INTERNAL 
THREADS 


a 
L 


100 TYP 
(2.54) 
TOL NON-CUM 
e. 


TERMINALS 0.020 + 0.002 (0.51 + 0.05) 
x 187 MIN LG BRASS SOLDER PLATED 


SIDE VIEW 
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DESCRIPTION 

The DRC-11522 is a Dual 16 Bit Digital to 
Resolver Converter. Each channel is inde- 
pendent from the other with the exception 
of the 16 digital lines. The DRC-11522 
allows the user to program the Gain of the 
Resolver Output 


Packaged in a 36 pin double DIP, the 
DRC-11522 is 2 DSC-11520 D/R con- 
verters in one hybrid module. 


With a synchro or resolver reference input, 


the DRC-11522 is a digital-to-resolver 
converter. 


With a DC reference input, the unit can be 
used as a hybrid digital-to-sin/cos dc con- 
verter. 


With the reference input proportional to the 
radius vector, the DRC-11522 converts 
polar to rectangular coordinates. 


Hybrid technology results in low weight, low 
power consumption, very high reliability and 


GC2-A 


DRC-11522 


2 CHANNEL D/R CONVERTER 


a wide operating temperature range. A 
new, improved circuit design allows higher 
accuracy and reduces the output scale 
factor variation so that the output can drive 
displays directly. The output line-to-line volt- 
age can be scaled by pin programming. 
Other features include buffered reference 
input and output short circuit protection. 


APPLICATIONS 

Because of its high reliability, small size and 
low power consumption, the hybrid DRC- 
11522 is ideal for the most stringent and 
severe industrial and military ground or 
avionics applications. All units are available 
with MIL-STD-883B processing . 


Among the many possible applications are 
computer based systems in which digital 
information is processed, such as 
simulators, flight trainers, flight instrumenta- 
tion, fire control systems, radar and naviga- 
tion systems. 


DRC-11522 BLOCK DIAGRAM 


FEATURES 
© 716 Bit Resolution 
® Pin Programmable Gain Control 
@ 2 Channels in One 36 Pin DDIP 
® Accuracy: to +7 Min. 


® 0.05% Scale Factor Variation with 
Angle 


® DC Coupled Reference 
® High Rel CMOS D/R Chip 


® 8 Bit/2 Byte Double Buffered 
Transparent Latches 


SiN B 
OUTPUT 
UTE OY cos 8 
AMPUFERS AMPUFERS 
REFERENCE CONDITIONER 
+C +8 +C +8 | ae 
D/R CONVERTER 0/R CONVERTER REF 
HIGH ACCURACY HIGH ACCURACY 
LOW SCALE FACTOR LOW SCALE FACTOR 
VARIATION VARIATION eCi~B 
@C2-8 
TRANSPARENT LATCH RANSPARENT LATCH 
TRANSPARENT eT TRANSPARENT LATCH 
a) tL-8 . 8 i, 

*16v 

EB -~- nee 

-16v 

EI on 

DIGITAL INPUT led cpate asec 

QNO 
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CORPORATION 


TABLE 1. SPECIFICATIONS (for each channel) 
Apply over temperature range, power supply ranges. reference voltage and frequency range, and 10% harmonic distortion 
in the reference. 


PARAMETER VALUE DESCRIPTION/REMARKS 
RESOLUTION 16 bits (0.33 arc minutes) MSB = 180° LSB = 0.0055° 


ACCURACY 
Output Accuracy 


+8 minutes to £1 minute 
(see ordering info) 
+1LSB max 

+ 0.03% 


Accuracy applies over 
operating temp. range 


Differential Linearity 
Radius accuracy 


Simultaneous amplitude variation in both 
Outputs as a function of digital angle 


DYNAMICS 
Output Settling Time 


Less than 20 wsec for any 
digital step change. 


For any analog or digital step change 


DIGITAL INPUT 
Logic Type 


Natural binary angle, parallel positive logic 
CMOS and TT! compatible. 

Inputs are CMOS transient protected. Each 
input has a 20jza max pull down to GND. 


-0.3V-dce to 1.25V-dc 
+2.0V-dc to +5.5V-dce 
20a max to GND 

20a to Vi 


Logic "0" 
Logic "1" 
Load Current 


External logic voltage not 

needed. TTL compatible 

bits 1-16 __ 

LL, LM, LA (See timing Diagram, Fig. 2) 


REFERENCE INPUT 


Type Programmable (See table 2.) 
Frequency Range DC to 1000Hz DC to 10kHz with reduced accuracy. 
Voltage 3.5V + 10% 0 to £10 peak AC or DC 


Input Impedance 10 M Ohm min 


ANALOG OUTPUT 
Type 
Output Current 
Max Output Voltage (Tracks 
Reference Input Voltage) 
Converter Gain (K) 
Transformation Ratio Tol. 

Scale Factor Variation 

DC Offset 

Short Circuit Protection 


POWER SUPPLIES 
Voltage 

Max Voltage Without Damage 
Current or Impedance 


TEMPERATURE RANGES 


Operational Amplifier Buffer 


Resolver 


2mA rms max 


K «Vin « Sin 8 also K « Vin * Cos 8 
0.5, 1.0, 2.0 E1% 

+0.2% max 

+ 0.05% max 

+10mV typical, = 25mV max 


+ 10V peak AC or DC 
See table 2. 


Each Line to GND 
Fully protected 


+15V-dc + 10% 
+ 18V 
+40 mA max 


For £10V peak output 


(CASE) 
Operating 
-1 Option -55°C to + 125°C 
-3 Option 0°C to + 70°C 
Storage -60°C to + 135°C 


PHYSICAL CHARACTERISTICS 


Type 
Size 


36 pin double DIP 

0.78 x 1.9 x 0.21 inch 
(2.0 x 4.8 x 0.53 cm) 
0.602 (17g) max 


Weight 
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TECHNICAL INFORMATION 
DIGITAL INPUTS 


For each channel the 16 bit digital angle is double buffered with 
transparent latches (see figure 1). The latch controls have in- 
ternal pull-up current sources to +5V, this puts the latches in 
the transparent mode when they are not connected. 


Angle is determined by adding the logic bits. The enable in- 
puts are LL (1st Latch LSBs), LM (1st Latch MSBs), and LA (2nd 
Latch All); see figure 2 for timing. 


TRANSPARENT ceecee meee eee =e 
LATCHED — —— eee 
DATA 1-16 BITS |X XXX | XXXXKXM 
50 ns min, ——k»+——. 100 ns min. 
FIGURE 2. LL, LM, LA TIMING DIAGRAM 


OUTPUT SCALING AND REF. LEVEL ADJUSTMENT 


The DRC-11522 operates like a multiplying D/A converter in that 
the voltage of each output line is directly proportional to the 
reference voltage. 
The maximum line-to-line levels are determined by the output 
amplifiers and are programmable for a gain of 0.5, 1.0, and 2.0 
(see table below). 


TABLE 2. PROGRAMMABLE GAIN 


GC1-A GC2-A GAIN 
(PIN 7) (PIN 8) (K) 
0.5 


GND OPEN 
OPEN GND 1.0 


OPEN OPEN 2.0 
GC1-B GC2-B GAIN 
(PIN 4) (PIN 5) (K) 


OUTPUT PHASING AND OUTPUT SCALE FACTOR 


The analog output signals have the following phasing: 
sin = (REF «K)A,(1 + A(8)) sin 6 
cos = (REF ~K)A,(1 + A(8)) cos 6 


The output amplifiers simultaneously track reference voltage 
fluctuations because they are proportional to (REF « K). The 
transformation ratio Ag is determined by the programmable gain 
inputs (0.5, 1.0, or 2.0). The maximum variation in Ag from all 
causes is 0.1%. The term A(8) represents the variation of the 
amplitude with the digital signal input angle. A(8), which is called 
the scale factor variation, is a smooth function of (8) without dis- 
continuities and is less than + 0.05% for all values of (8). The 
total maximum variation in Ap(1 + A((8))) is therefore + 0.15% 


Because the amplitude factor (REF + K)A,(1 + A((8))) varies 
simultaneously on all output lines, it will not be a source of error 
when the DRC-11522 is to drive a ratiometric system. However, 
if the outputs are used independently, as in x-y plotters, the 
amplitude variations must be taken into account. 
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DRC-11522 


TABLE 3. PIN OUTS 


Bit 16 (LSB) 
Bit 15 

Bit 14 

Bit 13 

Bit 12 

Bit 11 

Bit 10 

Bit 9 

Bit 8 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 (MSB) 
LMA 
LM-B 


OONODNA WD — 


Functions LL,LM,LA both A and B may be left 
unconnected when not used. 


TABLE 4. PIN DEFINITIONS: 


DEFINITION 


Power Supply Ground 

Digital Ground 

Analog Signal Ground 

Digital input bits, B1 = MSB = 180 degrees 

High Byte Enable (B1-B8) for MSB’s 8 bit input register 
of channel A. Logic high enables, low holds. 

High Byte Enable (B1-B8) for MSB’s 8 bit input register 
channel B. Logic high enables, low holds. 

Low Byte Enable (B9-B16) for LSB’s 8 bit input register 
of channel A. Logic high enables, low holds 

Low Byte Enable (B9-B16) for LSB’s 8 bit input register 
of channe! B. Logic high enables, low holds. 

Channel A Load Converter. Logic high transfers Channel 
A input registers data into 16 bit holding register. 
When low Channel A ts in hold mode. 


Channel B Load Converter. Logic high transfers Channe 
B input registers data into 16 bit holding register. 
When low Channel B is in hold mode. 


Power Supply Voltage. 
Power Supply Voltage. 

. CAUTION: 
REVERSAL OF POWER SUPPLIES 
WILL DAMAGE THE CONVERTER. 

Channel A reference voltage input 
Channel B reference voltage input 
Channel A gain programming pin 
Channel A gain programming pin 
Channel B gain programming pin 
Channel B gain programming pin 
Analog output of Channel A 
Analog output of Channel A 
Analog output of Channel B 
Analog output of Channel B 


OC 


iLc DATA DEVICE 
CORPORATION 


MECHANICAL OUTLINE 


36 PIN DOUBLE DIP 
1.700 + .005 


f ” (43.2 + 0.13) 


boRoKoToToLolololo eRe koRoRo} oko Rezo) 
36 19 


0.775 + 005 
(19.7 + 0.13) TOP VIEW ever 
IDENTIFIES foRoToTolololololozozodoRelozeolepzelze) 
PIN 1 
10 + 01 
eee aeengr 
015 MAX 1.895 + 005 
(0.39) ce (48.1 + 0.13) ence! 
0.21 MAX 
ce 0.055 (1.4) 
0.25MIN4& WiveTA--_---e oro RAD TYP 
| (6.4) i 0.018 (2.1) 
SEATING Pm} be 0.100 TYP (2.54) DIAM TYP 
PLANE TOL NON CUMULATIVE 
NOTES 


1.Dimensions shown are in inches (millimeters), 

2. Lead identification numbers are for reference only. 

3. Lead cluster shall be centered within +0.01 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 

4. Pin material meets solderability requirements of MIL-STD-202E, 
Method 208C. 

5. Package is Kovar with electroless nickel plating. 

6. Case is electrically floating. 


09 + .01 (2.3 + 0.25) 


DRC-11522 


ORDERING INFORMATION 


DRC-11522—3 0 2 


Accuracy 

2 = +8 minutes 
3 = +4 minutes 
4 = +2 minutes 
5 = +1 minute 


Reliability Grade: 
0= Standard DDC procedures. 
1= 883B processing available. 
2= 883B processing available but 
without QCI testing. 


Operating Temperature Range: 
1 = -55°C to 125°C (Case) 
3 = 0°C to +70°C (Case) 
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DESCRIPTION 


The DSC-544 digital to synchro (D/S) con- 
verter complements the low profile DSC- 
644 industry standard by providing addi- 
tional features. The DSC-544 has a 0.82” 
high profile and standard pinouts except 
that the need for +15V and -15V power 
supplies has been eliminated. Because the 
unit is powered from the reference input 
with an internal pulsating power supply it is 
much more efficient. The reduced heat dis- 
sipation has made it possible to increase the 
load at 400 Hz by a factor of three, and the 


power output at 60 Hz is limited only by 


the size of the internal power transformer. 


The DSC-544 also retains the many im- 
proved features of the DSC-644. The out- 
fully protected against overloads, 
load kickbacks, short cir- 


put Is 
transients from 
cuits and overheating. An aluminum top 
plate in the module improves thermal! dis- 
And a new circuit design provides 


more accurate output with 


sipation. 
a smoother, 


RH 


REFERENCE 
INPUT 


RL 


REF INPUT ISOLATION 
SECTION ™al 


DSC-544* 


14 BIT D/S CONVERTER 
4.5VA; Powered From Ref Input 


FEATURES 
@ POWER DISSIPATION CUT IN HALF: 
AT 400 Hz, DRIVING 4.5 VA, DIS- 
SIPATES 6W 
AT 60 Hz, DRIVING 1.5 VA, DIS- 
SIPATES 3W 
® DOES NOT REQUIRE +15V OR —15V 

SUPPLIES 
improved tranisieat response and a negligible © NO EXTERNAL TRANSFORMER AT 
scale factor variation. 

60 Hz 
APPLICATIONS ® VIRTUALLY INDESTRUCTABLE: 
The DSC-544 mav be preferred when its RUGGED POWER AMPLIFIERS WITH 
special features aré required: elimination of CURRENT LIMITING 
the +15V power supplies, elimination of an i Y SHORT-CIRCUIT 
external transformer at 60 Hz, greater drive V ROOF 
capability at 400 Hz, and less heat dissipa- O fins TAGE TRANSIENT 
tion. The converter is used in many appli- ROTECTION 
cations where digitized shaft angle data THERMAL CUTOFF 
must be converted to synchro form to drive 
control transformers, control differential © OUTPUT 


TRANSFORMER ISOLATED OUTPUT 
90V SYNCHRO OUTPUT AT 400 Hz 
AND 60 Hz 


transmitters, and anale indicators. Because 
these converters are very rugged, and meet 
the requirements of MIL-STD-202, they 
are suitable for the most severe industrial 
and military applications, including mili- 
tary ground support and avionics. They are 
used especially in computer based systems 
in which digital information is processed, 
such as simulators, flight trainers, flight in- 


@ DIGITAL INPUT 
CMOS AND TTL COMPATIBLE 
PARALLEL BINARY ANGLE INPUT 


@ POWER SUPPLIES REQUIRED: 
+5 VONLY 


strumentation, and fire control systems. 
“Patented 


| OUTPUT ISOLATION 
| SECTION 


PULSATING 
POWER 
SUPPLY 


D/R POWER 
SUPPLY 


| REFERENCE 
| TRANS. =, 
| FORMER DIGITAL OUTPUT 
hia TO ISOLATION OUTPUT 
Lo RESOLVER TRANS- POWER S2 piestelias 
CONVERTER FORMER AMPLIFIERS | OUTPU 
MSB 
BIT 1 $3 
DIGITAL : 
INPUT | 
BIT 14 “a 
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DSC-544 SPECIFICATIONS 


Apply over operating temperature and frequency ranges, +5% variation of power supply, +10% reference amplitude variation, up to 
10% reference harmonic distortion, and for any load up to full load. 


PARAMETER 
RESOLUTION 


ACCURACY (TO FULL LOAD) 
Output Accuracy +4 minutes 
Differential Linearity +1 LSB max 


ANALOG OUTPUT (TRANSFORMER ISOLATED) 
Drive Capability (L-L Balanced) 
Synchro Output 
90V rms L-L, 360 — 440 Hz 
(Option H) 1.33 KQ min 
90V rms L-L, 57 — 63 Hz 
(Option 1) 4.0 K2Q min 
Output Scale Factor 
Absolute (A!! Causes) 


on all output lines, including variation 


with digital angle. 


Output amplitude tracks reference input 


amplitude. 
Variation With Digital Angle +0.1% max 
Output Quadrature +0.2% max 


DIGITAL INPUT 


Logic Type Natural binary angle; parallel positive logic 


TTL compatible 
Transient protected CMOS 
33 KQ pull-up to +5V 


Loading 0.13 Std. TTL load 


*The output amplifiers will drive loads with any phase angle from —90° to +90° 


TECHNICAL INFORMATION 


INTRODUCTION 


The DSC-544 circuit is divided into 3 parts which are transformer 
isolated from each other (see Block Diagram). The first part contains 
the reference input, the second part contains the digital input and 
an internal digital to resolver converter, and the third part contains 
output power amplifiers and an associated pulsating power supply. 


Reference input isolation is provided both by the reference trans- 
former and by the power transformer. The converter output 
signals are proportional to the applied reference, and any distortion 
in the reference input will appear in the output signals. The power 
transformer output has a voltage clamp which protects the power 
amplifiers against transients in the reference input. 


The internal digital to resolver (D/R) converter in the DSC-544 
operates from an internal power supply connected to the reference 
input. The circuit in the internal D/R converter is based on an 
alogorithm whose theoretical math error is only +3.5 arc-seconds 
(less than 5% of 1 LSB), and whose theoretical scale factor variation 
with angle is less than +0.015%. The output is well behaved, with 
negligible glitches at major transition points. The accuracy and scale 
factor error are limited by the physical components, not by the 
algorithm. 


The digital inputs are transient protected CMOS switches with 33 
KS2 pull-up resistors to the +5V supply, and can be driven by all 
standard TTL gates. If the TTL gates drive other loads as well, the 
circuit must allow the 33 KQ resistors to pull up the logic 1 level to 
within 1.0V of the +5V supply. Bit weights for the 14 binary 


inputs are given in the bit weight table. Angle is determined by 
adding bits in the logic 1 state. 


+ 2% max simultaneous amplitude variation 


DSC-544* 


PARAMETER 


Ref Voltage Level 115V rms +10% 
Max Voltage Without Damage 138V rms 
Current 
No Load 
Option H 40 mA max 
Option | 50 mA max 
Additional With Load 1 mA per mA of load 


POWER SUPPLY 
Voltage +5V 
Max Voltage Without Damage +7V 
Current 20 mA max 


TEMPERATURE RANGES 
Operating (Temperature of 
Metal Plate on Top of Case) 
—1 Option —55°Cto +85 C 
—3 Option O°Cto +70°C 
Storage —55°C to +125°C 


PHYSICAL CHARACTERISTICS 
Size (Encapsulated Module) 3.125 x 2.625 x 0.82 inch 
(7.94 x 6.67 x 2.08 cm) 


Weight 8 oz. max (227 g) 


8 


BIT WEIGHT TABLE 


The most novel features of the DSC-544 converter are in the output 
section. The pulsating power supply produces two unfiltered, 
full-wave-rectified positive and negative voltages as shown in the 
diagram. These voltages are in the phase with the amplifier output 
voltage because the power is derived from the reference input. The 
amplitude of the two voltages need only be a few volts greater than 
the power amplifier output voltage, since both will change together 
if the reference level changes. As indicated in the diagram, the 
positive and negative pulsating power supply voltage levels will be 
consistently lower than the constant DC levels of any DC supplies. 
Because the voltage levels are lower, the power consumed will be 
much less. The power dissipated as heat is equal to the amplifier 
current times the difference in voltage. between the power supply 
and the output. For the DSC-544, the power dissipated is reduced 
by approximately 50% for reactive loads. 


Another advantage of deriving power from the reference input is 
that the amplifier section power is easily transformer isolated from 
the D/R converter. The converter output isolation transformer can 
therefore be located in front of the power amplifiers. Because it 
does not transfer power it can be made smaller, and an internal 
transformer can be used at 60 Hz. 


F-13 


HOG 


ILC DATA DEVICE 
CORPORATION 


DSC-544* 


+DC SUPPLY 
LEVEL 


POSITIVE PUL- 
SATING SUPPLY 
VOLTAGE 


AMPLIFIER 
OUTPUT 
VOLTAGE 
ENVELOPE 


+V 


NEGATIVE PUL- 
SATING SUPPLY 
VOLTAGE 


—DC SUPPLY 
LEVEL 


PULSATING POWER SUPPLY VOLTAGE WAVEFORMS 


Minimum load impedances are listed in the Specifications Table 
under Drive Capability. The DSC-544 can drive these impedances 
under the worst case conditions stated in the table. The minimum 
load impedances correspond to 4.5 VA at 400 Hz and 1.5 VA at 60 
Hz when the frequencies and voltage levels are at their nominal 
values. The metal top of the converter module should be provided 
with sufficient air circulation. 


The thermal cutout disables the output power amplifiers when the 
internal temperature reaches 125°C. The output is automatically 
restored when the temperature drops again. 


OUTPUT PHASING AND SCALE FACTOR 
The analog output signals have the following phasing as shown in 
the synchro output signal diagram: 


S1 — S3 = (RH-RL) Ag (1 + Ald) sin 6 
S3 — S2 = (RH-RL1 A, (1 + Ald) sin (6 + 120°) 
S2 — $1 = (RH-RL) A, (1 + Ald) sin (6 + 240°) 


S1— S3= Vigay SIN 4 


WITH RH-RL 


$e 
S 
| 


$3 - S2= VMAX SIN ( + 120 ) 


S2-S1=V ax SIN (1 + 240) 


M 


SYNCHRO OUTPUT SIGNALS 


The output amplitudes simultaneously track reference voltage 
fluctuations because they are proportional to (RHRL). The ampli- 
tude factor Ag is 90/115 for 9OV rms L-L output. The maximum 
variation is Ag from all causes is +1.9%. The term A term A(@) 
represents the variation of the amplitude with the digital input 
angle. A(@), which is called the scale factor variation, is a smooth 
function of @ without discontinuities and is less than +0.001 for all 
values of 6. The total maximum variation in Ag (1 + A(@)) is 
therefore +2%. Because A(@) is so small, the DSC-544 can be used 
to drive systems such as X-Y plotters or CRT displays in which the 
sin and cos outputs are used independently (not ratiometrically as in 
control transformer). 
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DRIVING CT AND CDX LOADS 


When driving CT and CDX loads the DSC-544 must have enough 
steady state power capability to drive the ~50 of the load. f50 
(stator impedance with rotor open-circuited) is measured as shown 
in the diagram: 


$1 $2 
Z,. MEASUREMENT 


The following table shows the load impedance of some typical control 
transformers. 


SOME COMMON CONTROL TRANSFORMERS 
AND THEIR LOAD IMPEDANCES 


Military 
Type Number 


26V O8CT4c 100 + j490 
26V 11CT4d 21 + j132 
11CT4e 838 + j4955 


15CT4c 1600 + j9300 
15CT6b 1170 + j6780 
18CT4c 1420 + 513260 
18CT6b 1680 + j5040 
23CT4a 1460 + j11050 
23CT6a 1250 + j3980 


ACCURACY TESTS 


The accuracy of the 544 may be tested with a high accuracy synchro/ 
resolver angle indicator and a load such as a control transformer, as 
shown in the diagram. The bit switches are set to the desired test 
angles and the output angle is measured under load. The accuracy 
should conform to the specifications. 


SYNCHRO OR 
RESOLVER 
SIGNALS 


S/R ANGLE 
INDICATOR 
HSR-103 


DSC-544 
BIT 14 


CT LOAD 


OOS. DSC-544* 


CORPORATION 
MECHANICAL OUTLINE 


0.26 ra a” seal oo WA 


e 14 LSB y 
02700! | 
DSC-544-H . WON CUMULATIVE 3125 
2.60 OR to05 NOTES 
DSC-544-1 GNDe | 1. Pin labels on bottom view are for reference only. 
t 2. All dimensions shown are in inches. 
+5V * 3. Pin material meets solderability requirements of 
RLe MIL-STD-202, Method 208C. 
RH e 4. Case material is glass filled Dially!l Phthalate per 


MIL-M-14, Type SDG-F, except top surface is 


black anodized aluminum plate for heat transfer. 
0.21.2 0.01-| — 220 ——> J 0.25MIK . Any LSB pins not used should be grounded. 
*0010 


BOTTOM VIEW SIDE VIEW 


on 


ORDERING INFORMATION 
DSC 544-H-1-R 


L R = Enhanced Reliability 
Operating Temperature Range of Case 
Metal Top 

1= 55° to +85°C 
3=0° Cto+70 C 


Synchro Output Voltage Level and Frequency 


H = 90V rms L-L, 360-440 Hz 
| =90V rms L-L, 57-63 Hz 


If a converter module socket is required, order 
socket number 9010. 
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DESCRIPTION 


The DSC-644 is the first low-profile 
D/S and D/R converter. It is only 0.52 
inches high, has standard pin configu- 
ration, and is designed to be a new 
industry standard. The DSC-644 ac- 
cepts 14 bit digital input angle and a 
reference excitation, and produces a 
synchro or resolver output with moder- 
ate drive capability. The output is 
fully protected to prevent damage to 
the converter. The rugged, current- 
limited power output stage has over- 
load and transient protection, and a 
thermal cut off to prevent overheating. 
The output is short-circuit proof and 
an aluminum top plate improves the 
thermal dissipation. The DSC-644 also 
has anew circuit design that provides a 
more accurate Output with an improved 
transient response and a negligible 
scale factor variation. Reliability has 
also been increased, and cost is reduced. 


RH REFERENCE 
REF ISOLATION 
INPUT TRANS- 

RL FORMER 


DIGITAL BIT 1 
ANGLE 


INPUT Bit 14 


F-16 


DSC-644* 


14 BIT D/S AND D/R CONVERTER 
New Low-profile Industry Standard 


The DSC-644 module contains an input 
reference isolation transformer. An in- 
ternal output transformer is also in- 
cluded for all 400 Hz versions. The 
60 Hz option requires a separate out- 
put transformer. 


APPLICATIONS 


The DSC-644 is used when digitized 
shaft angle data must be converted to 
synchro or resolver form to drive con- 
trol transformers, control differential 
transmitters and angle’ indicators. 
Because these converters are very 
rugged, and meet the requirements of 
MIL-STD-202E, they are suitable for 
the most severe industrial and mili- 
tary applications, including military 
ground support and avionics. They are 
used especially in computer based 
systems in which digital information 
is processed, such as simulators, flight 
trainers flight instrumentation, and 
fire control systems. 


DIGITAL TO 
RESOLVER 
CONVERTER 


(HIGH ACCURACY: 
LOW SCALE FACTOR 
VARIATION) 


OUTPUT SIN 


POWER 
AMPLIFIERS 


FEATURES 


@ FULLY PROTECTED OUTPUT: 
RUGGED OUTPUT AMPLIFIERS 
W/TH CURRENT LIMITING 
COMPLETELY SHORT-CIRCUIT 
PROOF 

OVERVOLTAGE TRANSIENT 
PROTECTION 

THERMAL CUTOFF 


@ METAL HEATSINK AT TOP OF 
CASE: CONSERVATIVE 
THERMAL DESIGN — 


@ VERY LOW SCALE FACTOR 
VARIATION: 0.05% TYPICAL 


e@ OUTPUT: 
INTERNAL TRANSFORMER 
ISOLATION AT 400 Hz 
ALL COMMON SYNCHRO/ 
RESOLVER VOLTAGE LEVELS 
AND FREQUENCIES 


@ DIGITAL INPUT: 
CMOS AND TTL COMPATIBLE 
PARALLEL BINARY ANGLE 
INPUT 


@ POWER REQUIRED: 
+715V DC AND +5V DC 


“Patented 


OUTPUT SYNCHRO 
TRANS. OR 
* 
FORMER RESOLVER 
OUTPUT 


(S) 
COs 


(C) 


* OUTPUT TRANSFORMER IS INTERNAL 
FOR 400 Hz. FOR 60 Hz, ASEPARATE 
TRANSFORMER IS NEEDED. 


DSC-644 BLOCK DIAGRAM 


BE eves DSC-644* 


CORPORATION 
DSC-644 SPECIFICATIONS TECHNICAL INFORMATION 


Apply over operating temperature and frequency ranges, +5% variation INTRODUCTION 
of power supplies, +10% reference amplitude variation, up to 10% 
reference harmonic distortion, and for any balanced load up to full load. 


The DSC-644 contains an internal digital to resolver 
(D/R) converter (refer to the block diagram) which has 
an inherently high accuracy and low scale factor variation. 
PARAMETER The circuit in the internal D/R converter is based on an 
algorithm whose theoretical math error is only +3.5 arc- 

RESOLUTION seconds (less than 5% of 1 LSB), and whose theoretical 
scale factor variation with angle is less than +0.015%. 

ACCURACY (To Full Load) The output is well behaved, with negligible glitches at 


PEEL Pee: ee one major transition points. The accuracy and scale factor 
Differential Linearity +1 LSB max Bens : 
error are now limited by the physical components, not 
DIGITAL INPUT by the algorithm. 
Logic Type Natural binary angle; paraliel positive logic : . ; 
TTL compatibie: Transient protected CMOS The digital inputs are transient protected CMOS switches 
33 KQ pull-up to +5V with 33 KQ pull-up resistors to the +5V supply, and can 
Loading 0.13 Std. TTL load be driven by all standard TTL gates. If the TTL gates 
drive other loads as well, the circuit must allow the 
REFERENCE INPUT (TRANSFORMER ISOLATED) 33 KQ2 resistors to pull up the logic 1 level to within 
Ref. Voltage Level* | Max. Ref. Current 1.0V of the +5V supply. Bit weights for the 14 binary 
Units with 90V rms L-L Output 118V rms 0.6mA inputs are given in the bit weight table. Angle is deter- 
Units with 11.8V rms L-L Output 26V rms 0.6mA mined by adding bits in the logic 1 state. 


*+20% absolute max to avoid damage Deg/Bit 
ANALOG OUTPUT (TRANSFORMER ISOLATED) 
Drive Capability (L-L Balanced *) 
Synchro Output 
90V rms L-L, 360 — 440 Hz | 
(Option H) 4 KQ2Q min 
90V rms L-L, 57 — 440 Hz 
(Option 6) 4 K&2 min 
11.8V rms L-L, 360 — 440 Hz 
(Option L) 70 §2 min 


Resolver Output 
11.8V rms L-L, 360 — 440 Hz 
(Option L) 93 §2 min 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 


—> 
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Output Scale Factor 
Absolute (All Causes) *2% max simultaneous amplitude variation 
on all output lines, including variation 
with digital angle. Output amplitude 
tracks reference input amplitude. 
Variation With Digital Angle : 0.1% max 
Output Quadrature 0.3% max 
*The output amplifiers will drive loads with any phase angle from —90 to +90 


BIT WEIGHT TABLE 


The internal reference input transformer provides isola- 
tion at both 60 Hz and 400 Hz, so a change of frequency 
will not cause damage. The input is specified for opera- 
tion at a reference level of either 115V or 26V rms. The 
Output signals are proportional to the applied reference, 
and any distortion in the reference input will appear in 


POWER SUPPLIES 
Voltage +15V —15V 
Max Voltage Without Damage +18V —18V 
Average Current 150 MA max 150 mA max 
Peak Current With Normal Load | 330 mA max 330 mA max 
Peak Current at Power 


Turn-On or Short Circuit 600 MA max 600 mA max the output signals. 
TEMPERATURE RANGES A thermal cutout disables the output power amplifiers 
Operating (Temperature of Metal when the internal temperature reaches 125°C. The out- 
Plate on Top of Case) put is automatically restored when the temperature 
—1 Option —55°C to +85°C drops again. 
—3 Option 0°C to +70°C 
Storage —55°C to +125°C The DSC-644 will not be damaged by any sequencing 
order or interruptions in either the de supplies or the 
PHYSICAL CHARACTERISTICS reference input. However, if one of the 15V supplies is 
Converter Module (encapsulated) shut down or subsequently powered up, maximum turn 
Size 3.125 x 2.625 x 0.52 inch on current (450 mA) will be drawn from the other 15V 
(7.94 x 6.67 x 1.32 cm) supply until the missing 15 V supply is restored. 


Weight 5.1 oz max (145 g) 
60 Hz Transformer Module (encapsulated) 
Size 2.25 x 2.25 x 0.81 inch 
(5.7 x 5.7 x 2.1 cm) 
Weight 10.5 oz max (298 g) 


The 60 Hz synchro unit requires both aconverter module 
(DSC-644-6) and a separate transformer because of the 
transformer size. The output power amplifiers on the 
—6 module provide a 7V rms nominal +2% resolver sig- 
nal for the external transformer when the reference 
input is 115V rms. 
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Minimum load impedances are listed in the Specifications 
Table under Drive Capability. The DSC-644 can drive 
these impedances under the worst case conditions stated 
in the table. The minimum load impedances correspond 
to a 1.5VA drive capability when the line voltages and 
frequencies are at their nominal values. The metal top 
of the converter module should be provided with suf- 
ficient air circulation. 


DDC also manufactures the DSC-544, another D/S 
converter which provides 60 Hz and 400 Hz 90V L-L 
synchro output. The DSC-544 is a high efficiency, 
reference powered converter with a standard 0.82 inch 
high profile. It does not require +15V power supplies. 
When driving the same load, the DSC-544 dissipates half 
as much power as the DSC-644. At 400 Hz the DSC-544 
can drive 4.5VA compared to 1.5VA for the DSC-644. 
Both units can drive 1.5VA at 60 Hz, but the SDC-544 
does not require an external transformer at this frequency. 


OUTPUT PHASING AND SCALE FACTOR 


The analog output signals have phasing as shown in the 
following synchro and resolver output signal diagrams: 


S1— S3 = Viany SIN 6 


wal 
c 
= ccw (DEGREES) 
= 
= 
= 
MAX 
S3—S2= Vygay SIN (9 + 120°) 
S2 — S1= Vagay SIN (8 + 240°) 
SYNCHRO OUTPUT SIGNALS 
Synchro output 
S1 — S3 = (RH-RL) Ajo (1 + A(@)) sin 6 
S3 — $2 = (RH-RL) Ay (1 + A(8)) sin (8 + 120°) 
S2 — $1 = (RH-RL) A, (1 + A(8)) sin (8 + 240°) 
vA S2 —S4= Vagny COS 8 
MAX 
| 
. cc ccw (DEGREES! 
nx 0 ——_P 
q 300 330 360 
aia 
a 
<= 
MAX 


S1— S3=-Visay SING@ 
RESOLVER OUTPUT SIGNALS 


Resolver output 
S1 — S3 = —(RH-RL) Ao (1 + A(@)) sin 6 
S2—S4= (RH-RL) Ap (1 + A(@)) cos @ 


DSC-644* 


The output amplitudes simultaneously track reference 
voltage fluctuations because they are proportional to 
(RH-RL). The amplitude factor Ay is 90/115 for 90V 
rms L-L output and 11.8/26 for 11.8V rms L-L output. 
The maximum variation in Ap from all causes is +1.9%. 
The term A(@) represents the variation of the amplitude 
with the digital input angle. A(@), which is called the 
scale factor variation, is a smooth function of 8 without 
discontinuities and is less than +0.001 for all values of 6. 
The total maximum variation in Ag (1 + A(@)) is there- 
fore +2%. Because A(@) is so small, the DSC-644 can be 
used to drive systems such as X-Y plotters or CRT 
displays in which the sin and cos outputs are used 
independently (not ratiometrically as in a control 
transformer). 


DRIVING CT LOADS 


When driving CT loads the DSC-644 must have enough 
power drive capability to drive the Zso of the load. Zso 
(stator impedance with rotor open-circuited) is measured 
as shown in the diagram: 


2/3 Zso 


25 2s 
$1 S2 


Z59 MEASUREMENT 


The following table shows the load impedance of some 
typical control transformers. 


IMPEDANCES OF COMMON CONTROL TRANSFORMERS 


Military 
Type Number 


26V O8CT4c 


100 + ;490 


26V 11CT4d 21 + j132 
11CT4e 838 + j4955 
15CT4c 1600 + j9300 
15CT6b 1170 + j6780 
18CT4c 1420 + j13260 
18CT6b 1680 + ;5040 
23CT4a 1460 + ;11050 


23CT6a 1250 + ;3980 
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DSC-644* 


Control transformers are highly inductive loads and it is 
possible to save power by tuning such loads. Three capac- 
itors may be placed across the legs of the synchro stator 
in a delta configuration: 


DELTA TUNING CONFIGURATION 


The correct value of the capacitance C in Farads is given 
by: 
Xp 


4nf(R? + Xj) 


where f is the carrier frequency and R and X; are the 
series real and reactive components of Zc,. High grade 
Capacitors must be used and they must be able to with- 
stand the full AC output voltage. 


When the load has been tuned more loads can be driven 
in parallel, because the load impedance Z is increased to: 


4 


R? + X/ 
R 


ACCURACY TESTS 


The accuracy of the 644 may be tested with a high 
accuracy synchro/resolver angle indicator and a load 
such as a control transformer, as shown in the diagram. 
The bit switches are set to the desired test angles and the 
output angle is measured under load. The accuracy 
should conform to the specifications. 


TEST METHODS 


DSC-644 converter modules are high quality products 
whose semiconductor components are hermetically 
sealed. These modules will meet the specific test methods 
and conditions of MIL-STD-202E shown unless alterna- 
tive methods are specified by the customer in his pro- 


curement documentation. 
METHOD | CONDITION COMMENT 
10G, 2000 Hz vibration 


50G, 11ms shock 
Moisture 

Thermal shock 
Salt spray 

50,000 ft. altitude 


*when conformally coated on P.C. board 


MIL-STD-202E TEST METHODS 


PRINTED CIRCUIT BOARD MOUNTING 


When mounting a converter on a printed circuit board, ‘t 
is very important to keep logic-level signals as far away 
from the AC and power signals as possible. Under no cir- 
cumstances should AC or power pins be adjacent to data 
pins at the connector. It is also prudent to keep the AC 
and power pins separated from each other. The intent is 
to make it impossible to short logic inputs/outputs to 
AC or power pins with scope-probes, etc. 


It is strongly recommended that circuit layouts be de- 
signed in such a way that plated through-holes are not 
required when mounting hybrid or discrete modules. If 
all lands connecting to pins are located on the opposite 
(dip) side of the PC board from the module, there will 
be no risk of destroying a pin connection by ripping out 
the plated through-hole connection if the module has to 
be removed. It will also be much easier to unsolder a 
module without damaging it. 


REFERENCE 


SYNCHRO OR 
RESOLVER 
SIGNALS 


S/R ANGLE 
INDICATOR 
HSR-103 


DSC-644 


CT LOAD 


ACCURACY TEST CIRCUIT 


F-19 


D[o[c 


ILC DATA DEVICE 
CORPORATION 


DSC-644* 


60 Hz EXTERNAL SYNCHRO TRANSFORMER DDC-25924. 


1. Mechanical Outline (Dimensions in inches, +0.01 inch, unless otherwise indicated.) 


CRES OR BRASS 
INSERT 4-40 THRU (2) 


BOTTOM (PIN) VIEW 


2. Schematic Diagram 


+S 4 


RESOLVER 
INPUT 
7V 


.040 +.0020 DIA 
(TYP) X .2 MIN 


.15 MAX (TYP) 


2.0 
2.3 MAX 


PIN NUMBERS NOT 
LABELED ON BOTTOM 


SYNCHRO 
OUTPUT 
90V L-L 


50 Hz EXTERNAL SYNCHRO TRANSFORMER DDC-3932* 


1. Mechanical Outline 
ea 3.80 + .06 — 
SILVER 


DOT | .30 + .03 TYP. 
NEAR PIN 1— 


TRANSFORMER 
PART NUMBER 3932 


TOP VIEW 


6-32 NC-2B x 1/4 MIN BRASS 
INSERTS (4 ON EACH SIDE) 


SIDE VIEW 
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NON-CUMULATIVE = 


DETAIL OF PIN 


me 096 = 


.071 .187 


.035 


lee 125 —ml 
SIDE VIEW 


.25 MAX 
TERMINAL ENVELOPE 


PIN CALL-OUTS SHOWN 
FOR REFERENCE ONLY. 


@2 5®@ 
©  DDC25924 »« 


PIN NUMBERS MARKED 
ON TOP FACE ONLY 


TOP VIEW 
TRANSFORMER CONNECT!ONS 


Transformer Connect 
Pin Number To 


SI | Synchro Output 
S3 90V L-L 

524 57-440 Hz 

SIN 

GND To 

GND{ Converter 

COS ) Module 


TRANSFORMER CONNECTIONS 


Transformer Connect 
Pin Number To 


$1 Synchro Output 
S3 90V rms L-L 
$2 47-440 Hz 


Converter 
Module 


RC Do Not Use 
—R 


*For 50Hz applications P/N DDC-3932 must be ordered. 


oe. DSC-644* 


CORPORATION 
MECHANICAL OUTLINE FOR CONVERTER MODULE 


0.52 
0.26 + 0.01 pe —— 2.625 ae [* max 


+.002 
0.2 2001 | 
WON CUMULATIVE 


—— | F 


DSC-644-H 
OR 
DSC-644-L A 


OR 
DRC-644-L 


0.210.014 — 220 =| 0.21 + 0.01--| h——— 220 ——> a <—025MiN 


10010 +0010 
BOTTOM VIEW BOTTOM VIEW gm 
NOTES 4. Case material is glass filled Diallyl Phthalate per MIL-M-14, 
1. Pin labels on bottom view are for reference only. Type SDG-F, except top surface is a black anodized aluminum 
2. All dimensions shown are in inches. plate for heat transfer. 
3. Pin material meets solderability requirements of 5. Pin S4 is present on resolver units only. 
MIL-STD-202E, Method 208C. 6. Any LSB pins not used should be grounded. 


ORDERING INFORMATION 


1. Order converter modules as follows. 400 Hz units (H and L) have an internal output transformer. 60 Hz 
units require an external transformer which must be ordered separately as desired below. If a converter 
socket is required, order socket number 9010. 


DSC-644 -H-—1-R 
C____ High Reliability 


Operating Temperature Range of Metal Top 
1=-55°Cto+ 85°C 
3=O0°Cto+ 70°C 


Output Voltage Level and Frequency 


H = 90V rms L-L, 360-440 Hz (Synchro only) 
L = 11.8V rms, L-L, 360-440 Hz (Synchro or Resolver) 
6 = 90V rms L-L, 47-440 Hz (synchro only) see No. 2 below 


Output Type 
DSC = Synchro 
DRC = Resolver 


2. For -6 Option: 
(a) For 57-440 Hz application, either the transformer P/N DDC-3932 or DDC-25924 may be used. 


(b) For 47-440 Hz applications, transformer P/N DDC-3932 must be used. Reference pins should not be 
connected. . 
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DSC-10510° 


DESCRIPTION 


With 16 bit resolution and up to +1 min- 
ute accuracy, the DSC-10510 is a high 
power digital to synchro converter cap- 
able of driving multiple Control Trans- 
former (CT) and Control Differential 
Transmitter (CDX) loads up to 7VA and 
Torque Receiver (TR) loads up to 
Z,, = 2 Ohms. 


The DSC-10510 contains a high accu- 
racy D/R converter, a triple power 
amplifier stage, a walk around circuit (to 
prevent torque receiver hangups), and 
thermal and over-current protection cir- 
cuits. The hybrid is protected against 
short circuits, overloads, load trans- 
ients, over-temperature, loss of refer- 
ence, and power amplifier or DC power 
supply shutdown, making it virtually in- 
destructible. 

Microprocessor compatibility is pro- 
vided through a 16 bit/2 byte double buf- 
fered input latch. Data input is natural 
binary angle in TTL compatible parallel 


=f 
| 36 
RH| 100K 
26V 18 
REF | -R 
RL! 100K i 
7 
RH 13K 
3.4V 
REF 38 


@DDC Custom Monolithics utilized in this product are copyright under the Semiconductor Chip Protection Act. 
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+15VDC 


LOW SCALE FACTOR 


WALK AROUND CIRCUIT 


positive logic format. 


Packaged in a 40 pin TDIP, the DSC- 
10510 features a power stage that may 
be driven by either a standard + 15VDC 
supply or by a pulsating reference sup- 
ply when used with an optional power 
transformer. When powered by the ref- 
erence source, heat dissipation is re- 
duced by 50%. 


APPLICATIONS 


The DSC-10510 can be used where dig- 
itized shaft angle data must be con- 
verted to an analog format for driving 
CTs, CDXs, and TRs loads. With its dou- 
ble buffered input latches, the DSC- 
10510 easily interfaces with micropro- 
cessor based systems such as flight 
simulators, flight instrumentation, fire 
control systems, and air data com- 
puters. For aircraft applications requir- 
ing S2 grounded, 5VA drive configura- 
tions, the DSC-10511 is available. 


—15VDC 


30 29 23 


D/R CONVERTER 
HIGH ACCURACY 


VARIATION 


DELAY 


i 


| TRANSPARENT 
LATCH 
TRANSPARENT 
LATCH 
| ?* 31 133 


LA LM. BITS 1-8 


1-8 _ 9-16] 32 40 


BITS9-16 LL K 


+V OR +15V 


ELECTRONIC SCOTT-T 
& TRIPLE POWER 
AMPLIFIER 


OVER-CURRENT (J 


+15VDC 


7VA D/S CONVERTER 


FEATURES 


@ 7VA DAIVE CAPABILITY FOR CT, 
CDX, OR TR LOADS 


@ Z., = 2 OHMS FOR TR LOADS 


e DOUBLE BUFFERED TRANS- 
PARENT INPUT LATCH 


e 16 BIT RESOLUTION 
eUP TO 1 MINUTE ACCURACY 


@ POWER AMPLIFIER USES 
PULSATING OR DC SUPPLIES 


@ BUILT-IN-TEST (BIT) OUTPUT 


@S2 GROUNDED, 5VA DRIVE 
CONFIGURATION AVAILABLE 


—~VOR —15V REMOTE 
See Ereruetlilicemmmamnttataaed SENSE 
. ‘alsr 


- 


25, S2’ 


S2 


26|S3’ 
= S3 


POWER STAGE | 
ENABLE | 


Le 
THERMAL SENSE 
140° CASE | 


+15VDC 


| 

| 
37 ___ 88 __ | 
EN BS 


FIGURE 1. DSC-10510 BLOCK DIAGRAM 
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TABLE 1. DSC-10510 SPECIFICATIONS 
PARAMETER VALUE 


P£12o0r4minutes | 
DIFFERENTIAL | 1LSBmaxinthe 

LINEARITY 16th bit 

OUTPUT 40s max For any digital input step 
SETTLING TIME change (passive loads). 
DIGITAL INPUT/OUTPUT 


Logic Type 
Digital Inputs 


TTL/CMOS compatible 
Allinputs except K 
(Kick, pin 40). 


Logic 0 = 0.8V max 
Logic 1 = 2.0Vmin 


Loading 20 uwAmaxtoGND | Bits 1-16,BS, andEN. 
// 5pf max 
20 uAmaxto+5V | LL,LM, andLA(CMOS 
// Spf max transient protected) 


Ground to enable Kick cir- 
Cuit, open to disable; pulls 
selfup to + 15V. 


20 uA max 


Digital Outputs 
BIT 


Logic 0 for BIT condition 
(see BIT pin function) 


Drive Capability 1.6mA at 0.4V max 


LogicO =1TTL 
Load 
Logic 1 = 10TTL 
Loads 


0.4mA at 2.8V min 


REFERENCE INPUT 
Type 26Vrms differential 
3.4Vrms differential 


Max Voltage 
w/o Damage 


72.8Vrms for RH-RL 
9.52Vrms for RH’-RL’ 
DC to 1 KHz 


Frequency 
Input Impedance 
Single Ended 


100K Ohms +0.5% 
13K Ohms +0.5% 
200K Ohms +0.5% 
26K Ohms +0.5% 


Differential 


DSC-10510° 


TABLE 1. DSC-10510 SPECIFICATIONS (Continued) 


PARAMETER VALUE DESCRIPTION 


SYNCHRO OUTPUT DSC-10510 
DSC-10511 S2 Grounded 


11.8Vrms +0.5% for 
nom Ref V 
+0.1% max 


Voltage L-L 


Simultaneous amplitude 
variation on all output lines 
as a function of digital angle. 


Scale Factor 
Variation 


Current 700mA rms max 
CT or CDX Load 7VA max 

TR Load Z,5 = 2 Ohm min 
DC Offset +15mV max 


SVA for DSC-10511 


Each line to ground. 

Varies with angle. 

Output protected from over- 
current, short circuit, voltage 
feedback transient, and over- 
temperature, loss of refer- 
ence, loss of power amplifier, 
and loss of +DC supply 
voltage. 


POWER SUPPLY CHARACTERISTICS 
Nominal Voltage | +15V 


Protection Yes 


Voltage Range 


Max Voltage 
w/o Damage 
Current 


TEMPERATURE RANGES 
Operating, Case 
—3XX o°Cto+ 70°C 
—1XX —55°C to + 125°C 
Storage —65°C to + 150°C 


PHYSICAL CHARACTERISTICS 
2.0x1.1x0.2inches | 40 Pin Triple DIP 
(50.8 x 27.9x 5.1 mm) 
0.90z 


F-23 


HOG 


ILC DATA DEVICE 
CORPORATION 


TABLE 2. DSC-10510 PIN FUNCTIONS 


TABLE 2, 656-0510 FIN FUNCTIONS 
rem [wane [FUNTION 


Digital Input 01 (MSB) Logic “1” enables. 

Digital Input 02 

Digital Input 03 

Digital Input 04 

Digital Input 05 

Digital Input 06 

Digital Input 07 

Digital Input 08 

Digital Input 09 

Digital Input 10 

Digital Input 11 

Digital Input 12 

Digital Input 13 

Digital Input 14 

Digital Input 15 

Digital Input 16 (LSB) 

26Vrms Reference Low Input 

26Vrms Reference High Input 

Synchro S1 Remote Sense Output 

Synchro S1 Output 

Synchro S2 Output. Remotely grounded on 
DSC-10511 

Synchro S3 Output 

Power Stage +V 

Power Stage —V 

Synchro S2 Remote Sense Output 

Synchro S3 Remote Sense Output 

No connection. 

Ground 

Power Supply 

Power Supply 

2nd Latch All Enable. Input enables dual latch. 

1st Latch LSBs Enable. Enables bits 9-16. 

1st Latch MSBs Enable. Enables bits 1-8. 

3.4Vrms Reference Low Input 

3.4Vrms Reference High Input 

No connection. Factory test point. 

Enable. Power stage enable input allows for digital 

shutdown of power stage. Gives complete control 

of converter to digital system. 

Battle Short Input. Logic “O” overrides over- 

temperature protection. 

Built-In-Test Output. Logic “O” when loss of refer- 

ence, loss of + 15VDC supply, case temperature 

of + 140°C, EN input signal, an output over-current 

or short circuit has been detected. Power output 

stage is turned off unless BS is at “O”. 

Kick. Input used for reducing continual short-cir- 

cuit current flow in torque receiver loads at false null. 


ONoOoahWND — 
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DSC-10510" 


=a 


0.018+0.002 
(0.46+0.05) 
DIA PIN 


19 EQ. SP. 
0.100 = 1.9 
TOL. NONCUM 


(2.5 = 48.3) 


~ 
09 


2.140 
(55) 


OOODDDODDONOOO0O00O0 0000 
OOOD00 0ONO00 00000000 


> 
oO 


= 


0.120+0.002 
(3+0.05) 
0.120+0.002 0.200 MAX 
(3+0.05) (4.4) 
BOTTOM VIEW SIDE VIEW 


Notes: 

1. Dimensions are in inches (millimeters). 

2. Lead identification numbers for reference only. 

3. Lead cluster shall be centered within +0.10 of outline dimensions. 
Lead spacing dimensions apply only at seating plane. 

4. Pin material meets solderability requirements of MIL-STD-883, 
Method 2003. 


FIGURE 2. DSC-10510 AND DSC-10511 
MECHANICAL OUTLINE 40 PIN (TDIP) 


ORDERING INFORMATION 
DSC-10510-30X 


Accuracy: 
3 = +4 minutes 
= +2 minutes 
= +1 minutes 


Reliability Grade: 
0 = Standard DDC procedures. 
1 = Fully compliant with MIL-STD-883 
2 = Screened to MIL-STD-883 

but without QCI testing 
Operating Case Temperature: 
3XX = 0°C to +70°C 
1XX = -55°C to +125°C 


Configuration: 
0 = Standard 
= S2 Grounded (Consult factory). 


II 


For DSC-10510 use optional Power Transformer, 
DDC P/N 42359. 

For DSC-10511 use optional Power Transformer, 
DDC P/N 42360. 
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DSC-11520 


16 BIT HYBRID D/S AND D/R CONVERTER 
Pin Programmable For Synchro or 
Resolver Output 


FEATURES 
DESCRIPTION Hybrid technology results in low 
The DSC-11520 is a versatile multiply-  Welght, low power consumption, very! e COMPLETE D/S and D/R 
ing digital-to-analog converter. The high reflability, and a wider operating CONVERTER 
digital input represents angle and the. nee fangs. & eid improved 
cuut is in programmable eter for ro A ut Seale actors 
resolver type sin/cos or for three-line ; ; : 
synchro output. The reference input wi i. a nein a peared S BEG AG Ys, SEE MIN 
will accept any waveform, even a saw- oe 2 One enewwe 
tooth for CRT drive. Because the vonage Came: Scaled Ry extern al 
reference is DC coupled to the out- resistors. Other features include high} ee 0.05% SCALE FACTOR VARIATION 
iit, the DSO-11520. canbe: used jin AC and DC common mode rejection at WITH ANGLE 
; ee the reference input and output short 
many configurations: circuit protection. 
With a synchro or resolver refer- F 
ence input, the DSC-11520 is @ APPLICATIONS e DC COUPLED REFERENCE 
digital-to-synchro or digital-to- ACCEPTS ANY WAVEFORM 
resolver converter. Because of its high reliability, small 
With a DC reference input, the unit Size a ow Pe ehag Consumption, mie 
can be used as a hybrid digital-to- nypue aeons ice? ro ote most | e GENERATES SIN/COS DC OR 
ginicas OC converter stringent and severe industrial and ROTATING PPI SWEEP 
military ground or avionics appli- 
With the reference input propor- cations. All units are available with 
tional to the radius vector, the DSC- =MIL-STD-883 processing as a stand- 
11520 converts polar to rectangular —_ard option. i : e HIGH REL CMOS D/R CHIP 
coordinates. 
With a sawtooth reference input emeng we many’ Possible appllea- 
tions are computer based systems in| e 8 B/T/2 BYTE DOUBLE BUFFERED 


and a rotating digital input, the 
module can generate a cartwheel 
rotating sweep for PPI displays. 


Packaged in a 36 pin double DIP, the 
DSC-11520 is a complete D/S and D/R 
converter in one hybrid module. 


REF 
INPUTS 
Sart 100 KQ 


26V 100 KQ. 


RL 


which digital information is processed, 
such as simulators, flight trainers, 
flight instrumentation, fire control 
systems, radar and navigation sys- 
tems, and PPI displays including 
moving target indicators. 


TEST POINT -R 


D/R CONVERTER 


HIGH ACCURACY 
LOW SCALE FACTOR 


TRANSPARENT LATCHES 


SYNCHRO 
5 K() N\ VARIATION ORRESOLVER 
RH’ REFERENCE S2 UTPU 
ADJUSTABLE in CONDITIONER Sure (PIN JUMPER 
1 3-26V 
as Ps 53 PROGRAMMABLE) 
= $3’ 
TRANSPARENT LATCH 
TRANSPARENT LATCH 
LA LM BIT 1-8 BIT9-16 LL 


DIGITAL INPUT 


FIGURE 1. DSC-11520 BLOCK DIAGRAM 
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DSC-11520 


TECHNICAL INFORMATION 
INTRODUCTION 


As shown in the block diagram, the signal conversion in 
the DSC-11520 is performed by a high accuracy digital to 


SPECIFICATIONS 


Apply over temperature range, power supply ranges, reference voltage 
and frequency range and 10% harmonic distortion in the reference. 


PARAMETER VALUE 
RESOLUTION 


ACCURACY AND 
DYNAMICS 
Output Accuracy 
Differential Linearity 
Output Settling Time 


DIGITAL INPUT 
Logic Type 


Logic Voltage Level 


Load Current 


REFERENCE INPUT 
Type 


Frequency Range 


Voltage 


Input Impedance 
Single Ended 
Differential 


ANALOG OUTPUT 
Type 
Output Current 
Max Output Voltage (Tracks 
Reference Input Voltage) 


Transformation Ratio Tol. 
Scale Factor Variation 
DC Offset Each Line to Gnd 


Short Circuit Protection 


POWER SUPPLIES 
Voltage 
Voltage Limits 
Max Voltage Without 
Damage 
Current or Impedance 


TEMPERATURE RANGES 
(CASE) 

Operating 

—1 Option 

—3 Option 

Storage 


PHYSICAL 
CHARACTERISTICS 


Type 
Size 


Weight 


TRANSPARENT —— —— —— | 


+8 minutes, to +1 min. (See Ordering Info). 
+1 LSB max 
Less than 20 usec for any digital step change. 


Natural binary angle, parallel positive logic 
CMOS and TTL compatible. 

Inputs are CMOS transient protected. Each input 
has a 20ua max pull down to GND. 

Logic 0 = 0 to +1.25V 

Logic 1 = 2V to 5V 


20ua max to GND (bit 1-16) 
20ua to Vi (LL, LM, LA) See Timing Diagram 
(Fig. 2). 


Two differential solid state inputs, one for 
standard 26V input and one programmable. 

DC to 1000Hz (to 10 KHz with reduced accuracy) 
Standard Input Programmable Input 


26V +10% 1.3V min for full output; 
higher voltages are scaled 
by adding two series 
resistors 

5KQ +0.5% 
10KQ +0.5% 


100KQ +0.5% 
200KQ +0.5% 


Pin programmable for synchro or resolver mode 
2mA rms max 


11.8V rms L-L +0.25% nominal in synchro mode 
6.81V rms L-L 40.25% nominal resolver mode 
+0.2% max 

+0.05% max 

+15mV standard. Varies with input angle 
+5mV available—Consult Factory 

Fully protected 


+15V —15V 
+5% +5% 


+18V —18V 
20 mA max 20 mA max 
+5V logic levels are derived internally 


~55°C to +125°C 
0°C to +70°C 
595°C to +136°C 


36 pin double DIP 
0.78 x 1.9 x 0.21 inch 
(2.0 x 4.8 x 0.53 cm) 
0.85 oz (24g) 


— 200 ns min. 


LATCHED — —. i . e 


resolver converter whose sin and cos outputs have a low 
scale factor variation as a function of the digital input 
angle. This resolver output is either amplified by scaling 
amplifiers for resolver output, or is both amplified and 
converted to asynchro output by an electronic Scott-T. In 
both cases, the output line currents are limited to2mArms 
max, which is sufficient for driving S/D converters, solid 
state control-transformers, and displays. Output power 
amplifiers will be required, however, for driving electro- 
mechanical devices such as synchros and resolvers. 


The reference conditioner has a differential input with 
high AC and DC common mode rejection, so that a 
reference isolation transformer will seldom be required. 
There are two sets of reference inputs. The RH, RL input 
provides the maximum synchro or resolver output voltage 
for astandard 26V rms reference input. The RH’, RL’ input 
is used to scale the output for other reference voltage 
levels. Series resistors can be added to the reference input 
as described below either to accommodate lower 
reference levels for full output, or to reduce the output 
level. 


The reference conditioner output -R is intended for test 
purposes. A signal between 6V and 7.5V at -R indicates that 
a reference input signal is present. 


OUTPUT SCALING AND REF. LEVEL ADJUSTMENT 


The DSC-11520 operates like a multiplying D/A converter 
in that the voltage of each output line is directly propor- 
tional to the reference voltage. 


The maximum line-to line levels are determined by the 
Output amplifiers and are nominally 11.8V for synchro 
output and 6.81V for resolver output. The RH,RL reference 
input is designed to provide this nominal output for the 
standard 26V reference level. The scaling adjustment is 
made by two internal 100 KQ resistors in series with the 
reference conditioner input (see DSC-11520 Block 
Diagram). The maximum output levels without distortion 
are 10% greater than the nominal 11.8V and 6.81V levels. 


1) RH’ 
DSC-11520 


FIGURE 3. REF. LEVEL ADJUSTMENT 


The RH’, RL’ reference input has only 5 KQ internal 
resistors in series with the reference conditioner input, so 
that nominal line-to-line output is obtained for a reference 


input of 1.3V. For higher reference voltages, two resistors 
hoe 100 ns min. R’' must be inserted in series with the inputs as shown 
FIGURE 2. LL, LM, LA TIMING DIAGRAM in Figure 3. These resistors scale the DSC-11520 outputs 


ara spas KXKKXK | XXX XY) 
—o-— 


50 ns min. 
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down to the nominal 11.8V and 6.81V levels stated above, or 
to lower voltages if desired. The magnitude of the resistors 
R’' in ohms is calculated as follows: 


NOMINAL L-L VOLTAGE LEVEL 
R’ = 5000 (V ,-1.3) ee aes 
1.3 DESIRED L-L VOLTAGE LEVEL 


OUTPUT PHASING AND OUTPUT SCALE FACTOR 


The analog output signals have the following phasing: 
Synchro output 
S1 — S3 = (RH-RL) Ao (1 + A(8)) sin 6 
S3 — S2 = (RH-RL) Ao (1 + A(8)) sin (6 +120°) 
S2 — S1 = (RH-RL) Ao (1 + A(@)) sin (@ +240°) 
Resolver output 
S1 — S3 = (RH-RL) Ao (1 + A(8)) sin @ 
S2 — S4= (RH-RL) Ao (1 + A(@)) cos 6 


The output amplitudes simultaneously track reference 
voltage fluctuations because they are proportional to 
(RH-RL). The transformation ratio Ajo is 11.8/26 for 11.8V 
rms L-L output. The maximum variation in Aj. from all 
causes is +0.2%. The term A (@) represents the variation of 
the amplitude with the digital input angle. A (@), which is 
called the scale factor variation, is a smooth function of 
6 without discontinuities and Is less than +0.05% for all 
values of 8. The total maximum variation in A, (1 + A(@) is 
therefore +0.25%. 


Because the amplitude factor (RH-RL) A. (1 + A(@)) 
varies simultaneously on all output lines, it will not be a 
source of error when the DSC-11520 is to drive a ratio- 
metric system such as a synchro or resolver. However, if 
the outputs are used independently, as in X-Y plotters, 
the amplitude variations must be taken into account. 


MECHANICAL OUTLINE 
36 PIN DOUBLE DIP 
1.700 + .005 


h*—_ (43.2 + 0.13) 


©00000000000000000 
0.775 + .005 36 19 


(19.7 + 0.13) 


0.600 + .005 
(15.2 + 0.13) 


TOP VIEW 


DOT 
IDENTIFIES 
PIN 1 


0.21 MAX 
(5.3 


1 18 
joo TololololozoFozeozolokoloxoloxelze) 


0.086 TYP (2.2) 


1.895 + 005 RADIUS 
jg (48.1 0.13). __» 


0.055 (1.4) 

i 0.25 MIN ' —_— — RAD TYP 
ea) 0.018 (2.1) 
SEATING —e{ be 0.100 TYP (2.54) DIAM TYP 


PLANE TOL NON CUMULATIVE 

NOTES 

1.Dlimensions shown are in inches (millimeters), 

2. Lead identification numbers are for reference only. 

3. Lead cluster shall be centered within +0.010 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 

4. Pin material meets solderability requirements of MIL-STD-202E, 
Method 208C. 

5. Package is Kovar with electroless nickel plating. 

6. Case is electrically floating. 


DSC-11520 


DSC-11520 DSC-11520 


11.8V SYNCHRO OUTPUT 6.81V RESOLVER OUTPUT 


OUTPUT PIN PROGRAMMING 


PIN CONNECTION TABLE 


BIT 1 (MSB) 
BIT 15 

BIT 16 (LSB) 
LM 

cL 

LA 

NC 

S1 

S2' 

S3' 

S3 (+SIN) 
S2 (+COS) 


NOTES: 

1.-R (PIN 7) can be used for test purposes to detect whether a 
reference signal is present. See block diagram. 

2. Functions LL, LA and LM may be left unconnected when not used. 

3. Vi (PIN 6) may be left unconnected where 5V logic levels are used. 


ORDERING INFORMATION 


DSC-11520— 3 0 2 


09 + .01 (2.3 + 0.25) 


Accuracy 

2 = +8 minutes 
3 = +4 minutes 
4 = +2 minutes 
5 = +1 minute 


Reliability Grade 
0 =Standard DDC Processing 
1 = Fully compliant with MIL-STD-883 
2=Screened to MIL-STD-883 but 
without QC! testing. 


Operating Temperature Range: 
1 = -55°C to 125°C (Case) 
3 = 0°C to +70°C (Case) 
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DESCRIPTION 


The DRC-11524 is a versatile multiply- 
ing digital-to-analog converter. The 
digital input represents angle, and the 
Output is pin programmable either for 
resolver type, sin/cos, or for three-line 
synchro output. The reference input will 
accept any waveform, even a sawtooth 
for CRT drive. Because the reference is 
dc coupled to the output the DSC-11524 
can be used in many configurations; 
such as, 


With a sinusoidal reference input, the 
DRC-11524 isa digital-to-synchro or 
resolver converter. 


With a dc reference input, the unit 
can be used as a hybrid digital-to- 
sin/cos dc converter. 


With the reference input proportional 
to the radius vector, the DRC-11524 
converts polar to rectangular coor- 
dinates. 


With a sawtooth reference input and 
a rotating digital input, the module 
can generate a cartwheel rotating 
sweep for PPI displays. 


Packaged in a 36 pin DDIP, the DSC- 
11524 is a complete D/S and D/R con- 
verter in one hybrid module. 


| RH 
la 

5Ki) 
(RH 


ADJUSTABLE 


1 3-26V SKi) 
RL 
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DSC-11524 


16 BIT HYBRID D/S and D/R CONVERTER 
Pin Programmable for Synchro or 


PRELIMINARY 


Hybrid technology results in low 
weight, low power consumption, very 
high reliability, and a wide operating 
temperature range. A new, improved 
circuit design allows higher accuracy 
and reduces the output scale factor 
variation so that the output can drive 
displays directly. The output line-to-line 
voltage can be scaled by external resis- 
tors. Other features include high ac and 
dc common mode rejection at the refer- 
ence input, and output short circuit 
protection. 


APPLICATIONS 


Because of its high reliability, small size 
and low power consumption, the hybrid 
DSC-11524 is ideal for the most stringent 
and severe industrial and military ground 
or avionics applications. All units are 
available with 883B processing as a 
standard option. 


Among the many possible applications 
are computer based systems in which 
digital information is processed, such as 
simulators, flight trainers, flight in- 
strumentation, fire control systems, 
radar and navigation systems, and PPI 
displays including moving target in- 
dicators 


TEST POINT -R 


D/R CONVERTER 


HIGH ACCURACY 
LOW SCALE FACTOR 
VARIATION 


ian 


TRANSPARENT LATCH 
TRANSPARENT LATCH 


REFERENCE 
CONDITIONER 


LA LM BIT 1-8 BIT9-16 =oLL 
DIGITAL INPUT 


Resolver Output 
FEATURES 
15mA RMS Output 


11.8VL-L Synchro, 11.8VL-L Resol- 
ver, or 6.81VL-L Resolver Output 


8 Bit/2 Byte Double Buffered 
Transparent Latches 


Pin Programmable for Synchro or 
Resolver Output 


16 Bit Resolution 
Complete D/S and D/R Converter 
Accuracy: To +1 Min. 


0.05% Scale Factor Varlation with 
Angle 


DC Coupled Reference Accepts 
Any Waveform 


Generates Sin/Cos DC or Rotating 
PPI Sweep 


High Rel CMOS D/R Chip 


No +5V supply 


ELECTRONIC $2 
SYNCHRO 
SCOTT-T OR OR RESOLVER 


SCALING (PIN JUMPER 


PROGRAMMABLE) 


OUTPUT 
AMPLIFIERS $3 


FIGURE 1. DSC-11524 BLOCK DIAGRAM 
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Apply over temperature range, power supply range, reference voltage and 


frequ e 
PARAMETER 


Output Accuracy 
Differential Linearity 
Output Settling Time 

DIGITAL INPUT 
Logic Type 


Load Current 


REFERENCE INPUT 
Type 


Frequency Range 


Voltage 


Input Impedance 
a Single Ended 
gw Differential 
ANALOG OUTPUT 
Type 
Output Current 
Output Voltage 
mw Synchro mode 
w Resolver mode 
Transform. Ratio Tol. 
Scale Factor Variation 
DC Offset 
(Each Line to Gnd) 
Short-circuit Protection 
POWER SUPPLIES 
Voltage 
Max voltage without damage 


Operating 
w—1 Option 
m —2 Option 


and 10% harmonic distortion in th 


I 
UNIT VALUE | 
RESOLUTION | Bits | 1G —s—s 


e reference. 


Natural binary angle, parrallel positive 
logic CMOS and TTL compatible. 
Inputs are CMOS transient protected. 
Logic 0 = 0 to +1.25V 
Logic 1 = +2V to +5V 
20 max to GND (bits 1-16) 


Two differential solid-state inputs: one 
for standard 26V, one programmable. 
DC to 1k (to 10k with reduced ac- 
curacy) 

Standard Input | Programmable In; 
1.3 min for full out- 
put; higher voltages 
are scaled by adding 
two series resistors 


26 +10% 


100 + 0.5% 
200 + 0.5% 


5+0.5% 
10 + 0.5% 


Pin programmable for synchro or resolver 


15 max 

(Tracks Reference Input Voltage) 
11.8 nominal 

6.81 or 11.8 nominal 

+ 0.2 max 

+ 0.05 max 


+ 15 max. Varies with input angle. 
Fully protected 


—-15+5% 
— 18V 
35+ load current 


+15+5% 
+18V 


—55 to +125 
0 to +70 
—55 to +135 


36 pin DDIP 
0.78 x 1.9 x 0.21 (19.7 x 48.1 x 5.3) 


| — 200 ns min. 


TRANSPARENT — — —— 
LATCHED — — a. eee 
para rasarts IRXXKX 1 KK KRY 


50 ns min. : 


100 ns min. 


FIGURE 2. LL, LM, LA TIMING DIAGRAM 


DSC-11524 


INTRODUCTION 


As shown in the block diagram, the signal conversion in the 
DSC-11524 is performed by a high-accuracy digital-to-resolver 
converter whose sin and cos outputs have a low scale factor variation 
as a function of the digital input angle. This resolver output is either 
amplified by scaling amplifiers for resolver output, or is both 
amplified and converted to a synchro output by an electronic Scott- 
T. In both cases the output line currents can be 15SmA rms max, 
which is sufficient for driving S/D converters, solid-state control- 
transformers, and displays. Output power amplifiers will be re- 
quired, however, for driving electromechanical devices such as 
synchros and resolvers. 


The reference conditioner has a differential input with high ac 
and dc common mode rejection, so that a reference isolation trans- 
former will seldom be required. There are two sets of reference 
inputs. The RH, RL input provides the maximum synchro or resol- 
ver Output voltage for a standard 26V rms reference input. The RH’, 
RL’ input is used to scale the output for other reference voltage 
levels. Series resistors can be added to the reference input as 
described below, either to accommodate lower reference levels, or 
to reduce the output level. 


The reference conditioner output -R is intended for test purposes. 
A signal between 6V and 7.5V at -R indicates that a reference input 
signal is present. 


OUTPUT SCALING AND REF. LEVEL ADJUSTMENT 


The DRC-11524 operates like a multiplying D/A converter in that 
the voltage of each output line is directly proportional to the refer- 
ence voltage. 


The maximum line-to-line levels are determined by the output 
amplifiers and are nominally 11.8V for synchro output and 6.81 V 
or 11.8V for resolver output. The RH, RL reference input is 
designed to provide this nominal output for the standard 26V 
reference level. The scaling adjustment is made by two internal 100k 
ohm resistors in series with the reference conditioner input (see 
DSC-11524 Block Diagram). The maximum output levels without 
distortion are greater than the nominal 11.8V and 6.81V levels. 


REF INPUT 


DSC-11524 


Vr 


FIGURE 3. REF. LEVEL ADJUSTMENT 


The RH’, RL’ reference input has only 5k ohm internal resistors 
in series with the reference conditioner input, so that nominal 
line-to-line output is obtained for a reference input of 1.3V. For 
higher reference voltages, two resistors, R’, must be inserted in 
series with the inputs as shown in Figure 3. These resistors scale the 
DSC-11524 outputs down to the nominal 11.8V and 6.81V levels 
stated above, or to lower voltages if desired. The magnitude of the 
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DSC-11524 


resistors, R’, in ohms is calculated as follows: 


R’ = 5000 (Vp-1.3) Nominal L-L Voltage Level 
~ 1,3 \"* "| Desired L-L Voltage Level 


OUTPUT PHASING AND OUTPUT SCALE FACTOR OSC-11524 
The analog output signals have the following phasing: 


Synchro output: 

S3 — S1 = (RH - RL)A,(1 + A(@)) sin 6 

S2 — S3 = (RH - RL)A.(1 + A(8)) sin( @ + 120°) 
S1 — S2 = (RH - RL)A.(1 + A(@)) sin( 6 + 240°) 


Resolver output: S2 
S3 — $1 =(RH- RL)A.(1 + A(@)) sin 8 DSC-11524 S2’ 
S2 — S4 = (RH - RL)A.(1 + A(@)) cos 8 


DSC-11524 S2 


The output amplifiers simultaneously track reference voltage 
fluctuations because they are proportional to (RH - RL). The trans- 
formation ratio Ao is 11.8/26 for 11.8 Vrms L-L output. The 
maximum variation in A, from all causes is + 0.2%. The term A(@) FIGURE 5. OUTPUT PIN PROGRAMMING 
represents the variation of the amplitude with the digital signal input —— " : 
angle. A(8), which is called the scale factor variation, is a smooth TABLE2.PINCONNECTIONTABLE 
function of (8) without discontinuities and is less than + 0.05% for PIN | NAME |PIN | NAME _|PIN 
all values of (8). The total maximum variation in Ao(1 + A(8)) is | 
therefore + 0.25% | 


11.8V SYNCHRO OUTPUT 6.81V RESOLVER OUTPUT 


Because the amplitude factor (RH - RL)A.(1 + A(@)) varies 
simultaneously on all output lines, it will not be a source of error | 
when the DRC-11524 is to drive a ratiometric system such as a 
synchro or resolver. However, if the outputs are used independently, 
as in x-y plotters, the amplitude variations must be taken into | 
account. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1.700 + 005 


—— (43.2 + 0.13) 


eo00000000 000000000 
36 19 


1.—R (PIN 7) can be used for test purposes to detect whether a reference 
signal is present. See block diagram. 
2. Functions LL, LA, and LM may be left unconnected when not used. 


ne 3. VL (PIN 6) may be left unconnected where 5V logic levels are used. 


ay 


0.775 + .005 
(19.7 + 0.13) 


TOP VIEW 


IDENTIFI peeccosoasoseoonee ORDERING INFORMATION 
0.086 TYP (22). 
ors Max | 1,998 2, 006 RADIUS DSC- 11524 - 1 
j °f53) t sueseun Accuracy: . 
peu fF aes See RAD TYP 2=+8 minutes 
a si i, en 0.018 21) 3 = +4 minutes 


4 =+2 minutes 
5 =+1 minutes 


) 
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NOTES 
1. dimensions shown are in inches (millimeters), 


2. Lead identification numbers are for reference only. 

3. Lead cluster shall be centered within +0.01 of outline dimen- 
sions. Lead spacing dimensions apply only at seating plane. 

4. Pin material meets solderability requirements of MIL-STD-202E, 
Method 208C. 

5. Package is Kovar with electroless nickel plating. 

6. Case is electrically floating. 


FIGURE 4. DSC-11524 MECHANICAL OUTLINE 


P 36 PIN DDIP 
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Reliability: 
0 = Standard DDC procedures 
1 = 883B Processing 
2 = 883B Processing but 
without QCI testing 


Operating Temperature Range: 
1 = -55 to +125°C (Case) 
3= Oto +70°C (Case) 
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DESCRIPTION 


The TD-100 and TD-101 are torque 
drivers which accept digital angle in- 
put and produce a high power 3-line 
synchro output. This output can drive 
torque receivers or multiple CT or 
CDX loads. A complete unit has either 
of the following two configurations: 


TD-100: A PC card containing both 
the D/S converter and an output 
power-buffer designed for con- 
vection cooling. Drive capability is 
3 amps peak. 


TD-101: A PC card containing the 
D/S converter and a separate out- 
put power-buffer which can _ be 
bolted to a chassis for conductive 
cooling. Drive capability is either 
4 or 15 amps peak, depending on 
choice of buffer. 


In addition, separate isolation trans- 
formers are available for both the 
synchro output and the reference in- 
put. 


The TD-100 and TD-101 incorporate 
special features which protect them 
against overloading and which allow 


TD-100 AND TD-101* 


them to be computer-controlled in 
a sophisticated fashion to conserve 
power. A current sense, a thermal 
sense, and a voltage transient clamp 
protect the TD-100 and TD-101 
against overloads, stalled rotor con- 
ditions, inductive kickback, and power 
supply loss. All units contain logic 
controls which can be used to switch 
the output off to conserve power, or 
to switch it on to continue operation 
in spite of thermal overload under 
battle short conditions. To warn when 
operating Conditions are not normal, a 
fault indicator goes to logic 1 when- 
ever the thermal or current sense in- 
dicates overload, or when the disable is 
applied. 


APPLICATIONS 


The TD-100 and TD-101 are rugged 
units, requiring no calibrations or 
adjustments. They are used in training 
simulators, remote indicators, gun fire 
control, and shipboard retransmission 
systems. Their power conserving fea- 
tures recommend them especially for 
installations requiring multiple units, 
and their control features are designed 
for computer supervision. 


12 BIT HIGH POWER D/S TORQUE DRIVER 


Fully Protected Output 


FEATURES 


@ VIRTUALLY INDESTRUCTIBLE: 
PROTECTED AGAINST SHORT 


CIRCUITS, OUTPUT OVER- 
LOADING, THERMAL OVERLOAD, 
VOLTAGE TRANSIENTS, AND 
POWER SUPPL Y SHUTDOWN 


© OUTPUT: 
DESIGNED TO DRIVE BOTH CT OR 


CDX PASSIVE LOADS AND TORQUE 
RECEIVERS 


DIRECTLY COUPLED Ti.6V L-L 


OUTPUT 


WITH OUTPUT ISOLATION TRANS- 


FORMERS: 400 Hz AT 11.8V L-L, 
AND 60 Hz OR 400 Hz AT 9OV L-L 


PEAK POWER UP TO 108 VA 


@ ACCURACY: 
+21 MINUTES, FULL LOAD 
+70 MINUTES, NO LOAD 


e LOGIC: 
TTL COMPATIBLE 
PARALLEL BINARY ANGLE /NPUT 


WITH STORAGE REGISTER 


OUTPUT CAN BE ENABLED OR 


BIT 1 
DIGITAL INPUT ;} 
BIT 12 


TRIGGER T 


ENABLE EN 


OISABLE DIS 


ELECTRON! 


DISABLED 
FAULT INDICATOR 
@ POWER REQUIRED: +15V DCAND 
+5V DC 
*Patented 
+15V -—15V 


FOR TD-101, POWER BUFFER 
IS SEPARATE AS SHOWN 
FOR TD-100, POWER BUFFER 
iS MOUNTED ON THE 
PC CARD 


SCOTT-T BUFFER 
AND Ce 17.8V L-L 
TRIPLE OR 
| PREAMP | SSS rd 
FORMERS OUTPUT 
| | ’ $1, 82,83 
| OVeRCURRENT | + QAI 
INDICATOR 1 ‘ 
| (TD-101 ONLY) | 
ENABLE | 
CIRCUITS = | 
FAULT 
| FAULT INDICATOR 
I : FLT 
bs gg ay 


a 
TD-100 OR TO-101 MODULE 
PC CARD 


TD-100 AND TD-101 BLOCK DIAGRAM 
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SPECIAL FEATURES 


Current Limiting. The card mounted power buffer and 
the HPB power buffer both contain a current sense 
which is used to limit the output current. The limiting 
value is the peak transient output power listed in the 
specifications. 


Thermal Sense. If the thermal sense in the power buffer 
heat sink indicates a temperature exceeding 125°C, the 
enable circuits will shut off the triple amplifier output 
until the temperature drops below 125°C. The Fault 
Indicator will also be activated to indicate a fault. 


Fault Indicator. The Fault Indicator signals when the 
output is off because of thermal overload or because 
the disable has been applied. In the TD-101, it also 
signals when the current has exceeded 2/3 of the peak 
transient current level. 


Disable. The Disable shuts down the output. It can be 
used to conserve power when the output is not needed. 
When several torque drivers are used, the Disable lines 
can be used to sequence turn-on so that a smaller power 
supply is required. 


Enable. This control line overrides the thermal sense so 
that operation can continue in spite of a thermal over- 
load. 


Voltage Transient Clamp. The buffer output stage is 
protected against voltage transients caused by inductive 
kickback from the load. 


Power Supply Shutdown Protection. The power buffer 
will shut down if any of the power supplies is shut off or 
disconnected. 


TECHNICAL INFORMATION 


OUTPUT PHASING AND SCALE FACTOR 


The AC amplitudes of the synchro output lines can be 
described as follows: 


S1 —S3 = Ao (1+ A(O)(RH-RL) sin 6 sin wt 
S3 — S2 = Ay (1+ A(8)(RH-RL) sin (9+ 120°) sin wt 
S2 — S1 = Ay (1+ A(O)(RH-RL) sin (9 + 240°) sin wt 


The scale factor, Ag (1 + A(@)(RH-RL), is proportional 
to the reference voltage (RH-RL). The angular indepen- 
dent term Ao is accurate to within +2%. In addition, 
there is an angular dependence expressed by the scale 
factor variation A(@). A(@) is +8% for the TD-100, but 
only +1% for the TD-101 because the D/R ccnverter 
within the TD-101 module has an inherently low scale 
factor variation. The scale factor variation will not cause 
errors in situations where the outputs are used ratio- 
metrically as, for instance, to drive synchros. 
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SPECIFICATIONS 


Apply over temperature range, power supply range, +10% reference voltage and 
frequency variation, and +10% harmonic distortion in the reference. 


ener 
PARAMETER VALUE 


12 bit binary angle input 


RESOLUTION 


ACCURACY (All Causes, 
Balanced Load) 


+21 minutes full load 
+10 minutes no load 


DIGITAL INPUT/OUTPUT (TTL Compatible) 


Digital Inputs 


12 Parallel Data Bits Natural binary angle; positive logic 


Trigger (T) Trigger for card-mounted storage register for input 
data bits 
Triggers On positive edge 
Disable (DIS) Logic 1 or open: Shuts down the output 
Logic 0 or GND: Normal operation 
Enable (EN) Logic 1 or open: Overrides thermal cutout 


Logic 0 or GND: Allows thermal! cutout to operate 
normally 
Logic 0: normal operation 
Logic 1: indicates any of the following three con- 
ditions: 
(1) Thermal overload (trip point = 125°C) 
(2) Disable (DIS) is at logic 1 so that the 
Output is shut down 
(3) Current overload for TD-101 (not for TD- 
100). Trip point is at approximately 2/3 
of peak current setting. For the HPB-14, 
the trip point is about 2.7A, which corre- 
sponds to 20 VA output. For the HPB-115, 
the trip point is about 10A, corresponding 
to 75 VA output. 


Fault Indicator Output (FLT) 


Voltage Levels or 
Logic O Current 


Loading or Drive Capability Logic Loading Pullup To 
Type | (STD TTL)}+5V (Nominal) 


12 Parallel Data Bits 
TD-100 Module or Card TEL 1 


TD-101 Module CMOS 33 KL2 logic O€< 1V 
logic 1>1V less 
than +5V 
supply 
TD-101 Card Mounted TTL 1 
Trigger (Card Mtd Units Only)} TTL 2 
Disable and Enable 
TD-100 TTL 1 
TD-101 LS 0.2 
Fault Indicator 
TD-100 6K 6.4 mA 
TD-101 4.7KQ2 3.2mA 


REFERENCE INPUT 


47—440 Hz, solid state differential input 
26V rms or 115V rms, separate inputs 


Frequency Range 
Voltage Levels 


Minimum Input Impedance (Balanced, Resistive) 


Differential Single Ended 
26V Input 260 K22 130 K22 
115V Input 1100 K22 550 K22 
Common Mode Range (DC level plus recurrent AC peak) 
26V Input 50V rms 
115V Input 250V rms 
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DRIVING TORQUE RECEIVERS 


A torque driver must have a peak transient output power 
Capacity sufficient to drive a torque receiver to null, as 
well as enough steady state power capability to main- 
tain the torque receiver at null. The various TD-100 and 


PARAMETER VALUE 


SYNCHRO OUTPUT 
Voltage Level 


L-L Voltage 11.8V direct output 
11.8V or 9OV transformer output TD-101 models can drive the following torque receiver 
Output voltage level tracks reference level loads: 
Scale Factor +2% max compared to nominal 11.8V or 90V 
Scale Factor Variation 
TD-100 +8% max variation with angle 
TD-101 +1% max variation with angle 
Output Power CMA and CMB HPB-14 HPB-115 
ih Transient 25W 32W 125W MAXIMUM TORQUE RECEIVER 
teady State 8VA 20 VA 30 VA 
LOAD CAPABILITIES 
Transformer Parameters Transformer Input Imped. | Output Imped. Max 
For CMA and HPB-14 Options Number Zsq Min Zss Max 
360-440 Hz, 90V rms L-L 18884 300 3001 Model Output Load (Zss) 
360—440 Hz, 11.8V rms L-L 18883 10022 1.02 
57—63 Hz, 90V rms L-L 18885 10022 1102 TD-100CM Direct Output 11.8V, 400 Hz 182 
For HPB-115 Options 
360—440 Hz, 90V rms L-L 24748 602 202 TD-100CMA 
57-63 Hz, 9OV rms L-L 22638 1 1282 152 11.8V, 400 Hz Tk 
is Transformer 90V, 400 Hz 502 
Input Voltage, All Transformers 11.8V rms L-L TD-101CMB 90V 60 Hz 100Q 
with HPB-14 ‘ 
POWER SUPPLIES TD-101CMB f 90V, 400 Hz 6.522 
Voltage +15V-5°% ~15V:5% +5V+5% With HPB-115)| |ranstormer 90V, 60Hz 15Q 


+18V —18V +7V 
65 mA + load 40 mA + load 150 mA 


Max Voltage Without Damage 
Current 
Max Continuous Current 


CM and CMA Options 1A 1A 

HPB-14 2.5A 2.5A Some common torque receivers and their Zss5 (stator 
Pees iia eer input impedance with rotor shorted) are listed in the 
urrent Limiting 5 

CM and CMA Options 3A peak 3A following table. 

HPB-14 4A 4A 


HPB-115 15A 


THERMAL CHARACTERISTICS 
Temperature Ranges 
Operating (PC Card and Transformer Ambient; HPB Chassis Temperature) 


SOME COMMON TORQUE RECEIVERS 
AND THEIR LOAD IMPEDANCES 


—4 —55°C to +85°C ) 
=a 0°C to +70°C Synchro ViL-L/freq. (Hz) Zs5({2) 
Storage —55°C to +125°C 


Heat to be Dissipated 


2.5 Watts per VA delivered 26V —11TR4c 11.8V/400 3.3 tol4.2 


Thermal Resistance at Junction 


SSF as 11TR4c 90V/400 180 to 250 
of Power Transistor and Heat 
Sink 15TRx4a 90V/400 50 to 82 
CM and CMA Options 7°C/Watt, with natural convection 15TRx6a 90V /60 920 
HPB-14 2°C/Watt, conduction cooling 1STRx4a 90V/400 16 to 21 
HPB-115 1.7°C/Watt, conduction cooling 18TRx6b 90V/60 350 to 430 
23TR6 90V//60 110 to 145 
PHYSICAL CHARACTERISTICS 23TR6a 90V/60 110 to 145 
PC Card, Options 100CM and 100CMA 
Size 5.38 x 5.26 x 0.73 high inch (13,7 x 13.4.x 1.9 em} 23TRx4a 90V/400 6.5 to 8.1 
Weight 8 oz (227 g) 23TRx6b 90V//60 110 to 145 
PC Card Option 101CMB 
Size 5.38 x 5.26 x 0.65 high inch (13.7 x 13.4 x 1.7 cm) 
Weight 125 02 (355q) 
HPB-14 and HPB-115 Buffer 
Size 5x5 x 1.35 inch (12.7 x 12.7 x 3.4 cm) 
Weight 11 oz (312 g) 
Transformers See Mechanical Outline drawings 
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DRIVING CT AND CDX LOADS 


When driving CT and CDX loads the torque driver must have 
enough steady state power capability to drive the Zc9 of the load. 
Zso (stator impedance with rotor open-circuited) is measured as 
shown in the diagram: 


S1 S2 
Zs59 MEASUREMENT 


TD-100 AND TD-101* 


The following table shows the load impedance of some typical 
control transformers. 


SOME COMMON CONTROL TRANSFORMERS 
AND THEIR LOAD IMPEDANCES 


Military 
Type Number 


26V O8CT4c 
26V 11CT4d 
11CT4e 
15CT4c 
15CT6b 
18CT4c 
18CT6b 
23CT4a 
23CT6a 


100 + j490 
21+ j132 
838 + j4955 


1600 + j9300 
1170 + j6780 
1670 + j11883 
1680 + j5040 
1460 + j11050 
1250 + j3980 


Control transformers are highly inductive loads and it is possible 
to save power by tuning such loads. Three capacitors may be 
placed across the legs of the synchro stator in a delta con- 
figuration: 


S3 


$1 S2 
Cc 


DELTA TUNING CONFIGURATION 


INTERCONNECTION DIAGRAM FOR CMA AND CMB OPTIONS 


+ 

oc | 1, 

POWER en 
INPUT 

lf 

(MSB) 1 

2 

3 

4 

5 

DIGITAL 6 

DATA j 

INPUT 8 

9 

10 

11 

(LSB)12 

7 

EN 

DIS 

26V RH 

REFERENCE) py, 
INPUT 
115V 

REFERENCE {hi 

INPUT RL 
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Note: 
Connect as shown for TD-101 CMB option. 
For TD-100 CMA option: 

(a) Omit HPB and its connections 

(b) Replace —V by —15V 

(c) Replace +V by +15V 


7 OMIT FOR CMA OPTION 


= $1 
TA 
@ SYNCHRO 


$2 
7 


OUTPUT TRANSFORMER 
SECTIONS TA AND TB 


FLT 


BOG 
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The correct value of the capacitance C in Farads is given by: 


= XL 
Ant (R2 + x) 


AntZ.. 


where f is the carrier frequency and R and X{_ are the real and 
reactive components of Zso. Good grade capacitors must be 
used and they must be able to withstand the full AC output 
voltage. 


When the load has been tuned more loads can be driven in 
parallel, because the load impedance Z is increased to: 


TD-100 AND TD-101* 


FALSE NULL 


A hang-up condition can occur in a torque receiver or a servo if 
the rotor is exactly 180° away from the true null. The restoring 
torque is a sinusoidal function of angle and goes to zero 180° 
away from the true angle. This is a false null and if there were a 
finitie error signal the rotor would be driven back toward the 
true null. The TD-100/101 output angle can change 180° in 
less than 100 psec, which is much faster than the electromechan- 
ical rotor response. Therefore the digital angle should never be 
changed 180° in a single step. 


TRANSIENTS 


Minor transients occur each time the data angle changes. They 
last for approximately 100 pusecs and usually do not cause any 
error, since the bandwidth of the driven servo filters them out. 


PC CARD MECHANICAL OUTLINE 


The diagram below shows the location of all components as on the CM option. 


For option CMA the output resistors R3, R4, R5 are omitted. 


For option CMB resistors R1, R2, R3, R4, R5 and the heat sink with Q1 to Q6 


are omitted. 
5.38 


U2 


.140 TYP 
.070 TYP 


TD-101 
MODULE 


CONNECTOR P1 


' 
MATING CONNECTORS: 
VARICON SOLDER MATE 
-7008-041-163-002 


00- 


TD-100 


COMPONENT 
AREA 


OR 


_ 
- 


.085 MAX 
SCREW 
HEADS 


063 
00 COMPONENT 
VARICON WIRE WRAP MATE HEIGHT 


7008-041-158-002 0.73 MAX CM & CMA OPTIONS 


0.65 MAX CMB OPTION 
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7 TD-100 AND TD-101* 


CORPORATION 
MECHANICAL OUTLINE, TD-100 AND TD-101 MODULES 
2.625+.015 .250 7 hax .62 >| 
— (MIN) (MAX) 
e1 
°2 
me | 
04 
o6 
5 
2 
09 
LP vor 
sieeet 2606 3.125+.015 
(TOL. NON-CUM.) 
| 
| 
.2624.020 , 
I .025+.001 
A SQUARE PIN 
.162+.020 2.300+.010 (TYP) 
BOTTOM 
VIEW 
NOTES: 


1. The TD-100 module has the same mechanical outline except that pin +V is 
+15V and pin —V is —15V. 

2. Case material is glass filled Dially! Phthalate per MIL-M-14, Type SDG-F. 

3. Pins meet solderability requirements of MIL-STD-202E, Method 208C. 


MECHANICAL OUTLINE, HIGH POWER BUFFER, HPB-14 OR HPB-115 


+.006 
194 "555 DIA 


(8 HOLES) 


MODEL 4PB 
ILC DATA DEVICE CORP 


\ LOCATION MATING CONNECTOR: 
OF PIN “A” POSITRONIC INDUSTRIES, INC. 
GM21F-SC-NO 
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Wo TD-100 AND TD-101* 


CORPORATION 

OUTPUT TRANSFORMERS DIAGRAMS ORDERING INFORMATION 

1. Schematic Diagram For all Output Transformers 1. Order the basic torque driver or replacement modules 
18883 18884 18885, 24748 and 22638 as follows. Transformers and remote high power buf- 


le TAe4 fers must be ordered separately as described below in 
" parts 2 and 3. All card mounted units are supplied 
with a mating connector. 


INPUT ga P OUTPUT TD — 101CMB — 1 
L Operating Temperature Ranges 
(Ambient): 
s2 1 = —55°C to +85°C 
° 
2. Mechanica! Outlines 3 = 0°C to +70°C 
Each output transformer has two sections, TA and TB. Both sections 
have the same physical dimensions, but pin designations are different. Type: 
In the following diagrams, pin designations without parenthesis refer 100 = TD-100 replacement module only 
to section TA (pins 1 through 6) and pin designations with paren- 101 = TD-101 replacement module only 
thesis refer to section TB (pins 7 through 10.) 100CM = Card mounted TD-100 module 


with card mounted medium power 


4 
TRANSFORMERS 18883 AND 1888 buffer. Includes three 12 output 
resistors. Unit is not intended for 


1.150 MAX pee 1.20 MAX 
TYP TYP 
output transformers. 


r ~ 100CMA = Card mounted TD-100 module 


RECT. PIN 
.020 X .042 


(8) 3 4 (9) aaa with card mounted medium power 
1. ; . 
TYP “ 
ionete . jeumev —— buffer. Output resistors are not in 
305 typ cluded. Unit is intended for out- 
(7) 1 | put transformers, which must be 
oe ordered separately below. 
.365 1.5 MAX = : 
sae = “Up +] 101CMB Card mounted TD-101 module 


intended for separate remote 
medium or high power buffer. 
TYP. TRANSFORMER WEIGHT: 3.6 OZ (102 G) Order buffer and transformers 


TRANSFORMERS 18885 AND 24748 separately below. 


LUGS CAN ACCEPT 
19 P | | one i a0 a“ TWO =18 WIRES 2. The high power buffer for the CMB option must be 
DIAM ee 


ordered separately as follows. These buffers are sup- 
plied with a mating connector. (See below for output 
transformers. ) 


2.81 HPB — 14-1 


*.03 L 
Temperature Range (chassis): 
1 = —55°C to +85°C 
3=0°C to +70°C 


2.2 MAX | 
1.6 aya a Output current: 


TRANSFORMER WEIGHT: 15.1 OZ (428 G) 14 = 4 amperes current limiting 
115 = 15 amperes current limiting 


TWO =18 WIRES 


= wee aa LUGS CAN ACCEPT) =3 Output transformer pairs for CMA and CMB options 
SIAR ma must be ordered separately as follows. A pair of trans- 
KS) | formers is supplied for each part number. 
(8) 3 ( ) 4 (9) Part Number 
— L-L Voltage | Frequency CMA or HPB-14 | HPB-115 
nee 03 11.8V. | 360—440 Hz 
(7) 1 ) 6 (10) 
S) | 90V 360—440 Hz 
~ 90V 57-63 Hz 
Reference isolation transformers are also available. 
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SECTION G 
SYNCHRO AND RESOLVER INSTRUMENTS 


same SUMMARY TABLE _ 


Synchro ; to £0.03° 3.8x 2x 7.5" | Lowcost, pin programmable for all common inputs, bright 
Indicator \ Panel Meter | 0.43" display, tri-state output, offset adjust for system 
zeroing. 47-1200Hz. 


Synchro/ 20/16 bits 18 arc sec Full Size Reference signal of either 26 or 115 Vrms. Synchro/ 
Resolver Programable IBM PC ® Card | Resolver Signals of 11.8, 26, or 90 Volts L-L. Fully 
Angle transformer isolated. Input frequency range of 360 Hz 


Indicator to 5000 Hz. Built-in single angle self-test feature for 
confidence testing. 


Synchro ; +0.005° 1.7" High (103) | Wideband 47-1000 Hz, automatic gain ranging, bit fault 
Indicator 3.5" High (203) | Monitor, synthesized reference, programmable 
1/2 Rack 0-360° or + 180°, IEEE-488 option. 
Synchro 20/16 bits 18 arcsec | VXI'C’' size card | Instrument on A Card. Combines the capabilities of 
Simulator Programable 9.2 x 13.4 x 1.2" | both the HSR-203 and SIM-31200 on one card. 
& Indicator 


2 Speed 20.01" 12x 9.6 x 4.8" | Converts single or dual (1:36 or 2:36) speed synchro or 
Synchro Combination | resolver signals to BCD angle. Transformer isolation. 
indicator Case MIL-T-21200 case. 


Angle to t0.003° | 14.5x8.12x 3.47" | Synchro or resolver angle simulator with high accuracy, 
Simulator Instrument wide band operation (47Hz to 11kHz). Front panel 
keyboard programmable (local mode), standard 


parrallel I/O, or optional IEEE-488 I/O (remote mode). 


Synchro/ 25 arc sec Full Size 26 or 115 Vrms Reference signal.Synchro or Re- solver 
Resolver IBM PC ® Card | output signals at 11.8, 26, or 90 Volts L-L. Drive 
Angle capability of 1.5 VA. Programmable Dynamic Rotation 
Simulator feature CW or CCW from 0.17°/sec up to 30.5 tps. 
External Rate Clock and Direction signals provisions for 
nonlinear motion. Has demo software. 


Synchro 1.7" High (103) | 0.01° version of HSR-103/203. 
Indicator 3.5" High (203) 
1/2 Rack 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
® IBM PC is a registered trademark of International Business Machines. 
¥* New Product 
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API 30602 


DESCRIPTION** 


The API-30602 is a small, low cost 5 
decade (.01° resolution) synchro/ 
resolver angle indicator. It can be pin 


programmed to accept synchro or re- 


solver signals at 2, 11.8, 26 or 9OV line- 
to-line. Its broadband (47-1200 Hz) 
frequency capability and three-state 
BCD output, for use with a micro- 
processor data bus, makes the API- 
30602 a versatile instrument. The unit 
is available in two accuracy grades: 
+0.05° (standard unit) and +0.03° 
(high accuracy). 


The synchro/resolver to digital track- 
ing converter (Figure 1) is the heart of 
the panel meter. Using a type II servo 
loop for continuous tracking, the API- 
30602 has no velocity lag up to 
+180°/sec. 


API-30602* 


0.01° LOW COST TRACKING SYNCHRO 


IDJojc 
ILC DATA DEVICE CORP. 


Standard features include +2° offset 
adjust, which is convenient for system 
alignment and lamp test capability for 
display testing. An optional dimmer 
control is available for applications 
requiring varying display intensities. 
The API-30602 requires no_ field 
adjustment or calibration. 


APPLICATIONS 


The API-30602 can be used wherever 
accurate angle information is required 
for display, control, testing purposes 
or computation. Applications include 
production testing of synchros and 
resolvers, information translators in 
quality control systems, machine tool 
control, ship and aircraft navigation 
systems, and antenna positioning. 


** API-30604/05/08/09 units are usable only in resolver mode with the 6V 
reference input provided by the panel meter. 


SYNCHRO/RESOLVER 
AND 
REFERENCE 


— 


INHIBIT (INH) 
LAMP TEST (LT) 
RESOLVER REF 

(API-30604/05/08/09) 


AC POWER 


INTERNAL 
POWER SUPPLIES 


SCREWDRIVER 


OFFSET ADJUST 


HIGH ACCURACY 


SYNCHRO 
RESOLVER: 
TO DIGITAL 
TRACKING 
CONVERTER 


DISPLAY 


(OPTIONAL) 


FIGURE 1. BLOCK DIAGRAM 


DIMMER CONTROL 
(SEE PIN ASSIGNMENT TABLE) 


AND RESOLVER PANEL METER 


FEATURES 


@ VERSATILE: ACCEPTS ALL 
STANDARD SYNCHRO AND 
RESOLVERS 


@ +2° ZERO ADJUST FOR SYSTEM 
ALIGNMENT 


@ RESOLUTION: 0.071° 
ACCURACY: +0.05° OR +0.03° 


e@ TYPE /1/ SERVO TRACKING LOOP 


@ 3-STATE OUTPUT FOR MICRO- 
PROCESSOR DATA BUS 


@ OPTIONAL DIMMER CONTROL 


SHAFT ANGLE TRANSDUCER 
OPTION 


* Patented 


DISABLE 


3-STATE 
BCD ANGLE OUTPUT 


— 


TTL 


OUTPUT 
BUFFER 


CONVERTER BUSY (CB) 
(ALWAYS ENABLED) 


ol0\c API-30602* 


CORPORATION 


SPECIFICATIONS 
PARAMETER VALUE 


MODEL API-30602 and API-30603 AP1-30604 and API-30605 AP1-30606 and API-30607 AP1-30608 and AP1-30609 
RESOLUTION 0.01” (5 BCD Digits) 0.01° (5 BCD Digits) 0.01° (5 BCD Digits) 0.01” (5 BCD Digits) 


ACCURACY 
Standard 
Hi Accuracy 


REPEATABILITY 


ANGLE RANGE 
(Continuous Rotation) 


DISPLAY 
7 Segments 0.43 inch LED 


Within 0.01° Within 0.01 Within 0.01° Within 0.01° 


0° to 359.99° 0° to 359.99° 0° to 359.99° 


ee ee eee 


0° to 359.99° 


5 Digits 


REFERENCE INPUT 


(Solid State) 
Voltage 10 to 126V rms 6V rms 10 to 126V rms 6V rms 
Frequency 47 to 1200Hz 47 to 63Hz 47 to 1200Hz 47 to 63Hz 


Impedance 148KQ2 min, Single Ended 
296K{2 min, Differential 


+10% max 


148KQQ min, Single Ended 
296KQ2 min, Differential 
+10% max 


148KQ min, Single Ended 
296K QQ min, Differential 
+10% max 


148KQQ min, Single Ended 
296K min, Differential 
+10% max 


Harmonic Content 
SIGNAL INPUT 


Input Type Synchro or Resolver, Resolver, Synchro or Resolver, Resolver, 
Transformer Isolated Direct/Single Ended Transformer Isolated Direct/Single Ended 

Voltage Level (L-L) 11.8, 26 or 90V rms +10% 2V rms +10% 11.8, 26 or 90V rms +10% 2V rms +10% 

Frequency 47 to 1200Hz 47 to 63Hz 47 to 1200Hz 47 to 63Hz 


+10° Relative to Ref 
Resistive Balanced, 
Transformer Isolated 


170KQQ min (Resolver) 
148K 22 min (Synchro) 
500V min to logic ground 


Allowable Phase Shift 
Input Impedance 


NA 
10M 2 min 


+10° Relative to Ref 
Resistive Balanced, 
Transformer Isolated 


170KQQ min (Resolver) 
148KQ min (Synchro) 
500V min to logic ground 


NA 
10M 82 min 


Breakdown Voltage 


DYNAMIC CHARACTERISTICS 
Tracking Rate 
Settling Time (To 

1 LSB) for 179° Step 


180° /sec min 


3 sec 


S 
wee 
e: S 
S| — \+ 1 
a 


Open Loop Transfer 
Function 


DIGITAL INPUTS 
(TTL Compatible) 

Loading 

Inhibit (1NH) 


0.5 std TTL loads max (0.8 mA) 
“1 or open = track 

“0” or GND = inhibit 

“1 or open = normal operation 
“0” or GND = all LED segments on 


“1” or open = three state outputs high impedance 
“O’' or GND = enable 


Lamp Test (LT) 


Disables 


DIGITAL OUTPUTS 

(TTL COMPATIBLE) 

Drive Capability 

Synchro or Resolver 
Angle 

Converter Busy (CB) 


POWER INPUT 


Three state, 10 TTL loads (16 mA) 

Parallel data bits; BCD angle; positive logic, 5 decades 
18 lines and one common ground line. 

4 to 10 usec positive pulse; counts on leading edge 


Voltage 

Frequency 47 to 440Hz | 360 to 440Hz 47 to 63 Hz 47 to 63Hz | 47 to 63Hz 
Current 7O0mA 0.3A 70 mA 37 mA 80 mA 
Isolation Transformer Isolated Transformer Isolated Transformer Isolated Transformer Isolated 
Power 9VA max, 6.5VA typ 9VA max, 6.5VA typ 9VA max, 6.5VA typ 9VA max, 6.5VA typ 


1000VDC min to 
logic ground 


1000VDC min to 
logic ground 


1000VDC min to 
logic ground 


1000VDC min to 
logic ground 


Breakdown Voltage 


TEMPERATURE RANGE 
Operating 
Storage 
PHYSICAL CHARACTERISTICS 
Size (see mechanical 
outline) 


O°C to +70 C 
—65°C to +125°C 


2.03 X 3.84 X 7.50 inch (52 X 98 X 191 mm) 


G-3 
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PIN ASSIGNMENTS 
Fn 


Chassis Gnd Chassis Gnd Chassis Gnd Chassis Gnd 
Chassis Gnd Chassis Gnd Chassis Gnd Chassis Gnd 
Connect to 27 for 26V L-L NC NC 
Converter Busy Converter Busy 
Connect to 27 for 11.8V L-L NC NC 
Ref Lo Ref Lo Ref Lo Ref Lo 
6V AC Ref Hi Out 6V AC Ref Hi Out 
Ref Hi 
NC 
| 
01 
.2 
Inhibit 
4 
.02 
8 
100 
.04 
NC 
Disable .1° Decade Disable .1° Decade 
NC NC NC NC 
Digital Gnd Digital Gnd Digital Gnd Digital Gnd 
200 200 200 200 
8 8 8 8 
Disable 100° Decade Disable 100° Decade 


OMANODOSWNH — 


20 | 20 20 | 20 


S1, S4 (Resolver Input) 
(-Sin, -Cos) 


L-L Programming 


Dimmer Option Dimmer Option Dimmer Option Dimmer Option 
2 2 2 2 
Disable .01° Decade Disable .01° Decade 

80 | 80 80 80 
+5V Dimmer Option +5V Dimmer Option 
1 1 1 | 1 
LT (Lamp Test) LT (Lamp Test) 
10 | 10 10 10 
S S NC | NC 
Disable 1° Decade Disable 1° Decade 
S1 (Synchro/Resolver Input) NC | NC 
Disable 10° Decade Disable 10° Decade 
Power Lo | Power Lo Power Lo Power Lo 
S3 (Synchro/Resolver Input) S3 (+Sin/Resolver Input) 
26V Power Hi | 26V Power Hi 26V Power Hi 26V Power Hi 
SA (Resolver Only) NC NC 
115V Power Hi | 115V Power Hi 115V Power Hi 115V Power Hi 
S2 (Synchro/Resolver Input) S2 (Resolver Input: +Cos) 
Chassis Gnd Chassis Gnd Chassis Gnd Chassis Gnd 
Ss Ss NC NC 


Notes: 
(1) Used only for API-30604/8 and -30605/9. 


API-30602* 


Chassis Gnd Chassis Gnd Chassis Gnd Chassis Gnd 
Chassis Gnd Chassis Gnd Chassis Gnd Chassis Gnd 
Connect to 27 for 26V L-L NC NC 
Converter Busy Converter Busy 
Connect to 27 for 11.8V L-L NC NC 
Ref Lo Ref Lo Ref Lo Ref Lo | 
6V AC Ref Hi Out 6V AC Ref Hi Out | 
Ref H: Ref Hi Ref Hi 
NC NC NC 
| | | 
.01 01 01 
2 .2 a 
Inhibit Inhibit Inhibit 
4 4 4 
.02 .02 02 
8 8 8 
100 100 100 
.04 .04 04 
$3’ NC NC 
Disable .1° Decade Disable .1 Decade 
NC NC NC NC 
Digital Gnd Digital Gnd Digital Gnd Digital Gnd 
200 200 200 200 
8 8 8 8 
Disable 100° Decade Disable 100 Decade 
20 20 20 20 
L-L Programming S1, S4 (Resoiver Input! 
(-Sin, -Cos) 
4 4 
.08 08 
40 40 
Dimmer Option Dimmer Option Dimmer Option Dimmer Option 
2 2 2 2 
Disable .01° Decade Disable .01 Decade 
80 | 80 80 | 80 


+5V Dimmer Option 
1 | 1 
LT (Lamp Test) 
| 10 
S 
Disable 1. Decade 
S1 (Synchro/Resolver Input) 
Disable 10 Decade 
Power Lo Power Lo 
S3 (Synchro/Resoiver Input) 
100V Power Hi 100V Power H: 
S4 (Resolver Only) 
220V Power H: | 220V Power Hi 
S2 (Synchro/Resoiver Input) 
Chassis Gnd Chassis Gnd 
SS SS 


(2) Chassis Gnd (Pin 1,2 or 49) should be connected to Digital Gnd (pin 22) and then to Earth Ground. 
(3) Connections required for optional operating configurations are described in our AP|—30602 Series Instruction Manual 


+5V Dimmer Option 
1 | 1 
LT (Lamp Test) 


10 10 

NC NC 
Disable 1 Decade 

NC | NC 
Disable 10 Decade 

Power Lo | Power Lo 
S3 (+Sin/Resolver input) 
100V Power H: 100V Power Hi: 
NC NC 


220V Power Hi 220V Power H 
S2 (Resolver Input: +Cos) 
Chassis Gnd Chassis Gnd 
NC NC 


SHAFT ANGLE TRANSDUCER OPTION 


AP1-30604/05/08/09 are dedicated units to be operated 
at 2V line-line resolver signal. The reference input of 
6V to the resolver is provided by the panel meter. Any 
standard 400 Hz, 26V/12.6V or 26V/11.8 resolver can be 
used. A standard 6 minute resolver is available from DDC: 
Order P/N 521000140000 


.050 +.005 — -a— 


e— 093 :003 
.062 2.003 | 
| 062 :.003 


120:dia [3 LT 
| i! 


Cotor coded leads 12> min 
length rotor sleewing = red 
stator sleeving black 


1,062 Dia *-00? 


Stot .025 wide 4 


x .030 deep 


.562 eo 1-45/64 Max ee 
+014 


-.010 
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RESOLVER CONNECTION TABLE 
FOR API-30604/05/08/09 


RESOLVER LEADS 


PANEL METER CONNECTOR 


CONNECT TO 
SYMBOL COLOR PIN NO. FUNCTION 


RED/WHITE 
BLACK/WHITE 
YELLOW/WHITE 


RED 
YELLOW 
BLACK 
BLUE 


NOTE: This connection 


6V HI 

REF Hi 
POWER LO 
REF LO 


sumPeR [ 


JUMPER rs 


27 —SIN 
48 +CoOs 
44 +SIN 

27 —COS 


is for CCW rotation of the resolver for 
increasing angle sense. 


For CW rotation, representing in- 


creasing angle, interchange S1 and S3. 


died API-30602* 


CORPORATION 
MECHANICAL OUTLINE ACTUAL PART NUMBER 
NOTE: Dimensions are in inches (millimeters) ORDERED 


3:531 2.015 
(85.1 +0.4) 


AP|-3060X -XXX 
19645 ASSY 28540 
SER.No.[— _ _} 


—! 


3.843 + ae OFFSET ADJUST 
(98 +0.25) 


ANGLE POSITION INDICATOR 


44 1.75 


DEGREES 


iz 


2.031 +.010 
(52 +0.25) 


DOG 


"LC DATA DEVICE COMP 


API 30602 


KEYING SLOT BETWEEN 
PINS 9 AND 11 


BACK VIEW 


BASIC PART NUMBER 


FRONT VIEW 
.16 TYP. PAWL PROTRUSION 
(4.1) ORDERING INFORMATION 


5 7.50max API —3060X —-3 0X 
| a“ L_ Accuracy: 
1 = +0.05° 


2 = +0.03° 
Input: 
O = Standard 
Temperature Range (operating): 
3=0°C to +70°C 


aoe 43 P.C. BOARD PROTRUSION Options: 
(6.4) 43 P.C. 2 = 115V Standard 


3 = 115V Dimmer option 
SIDE VIEW 4 = 115V Transducer option (note 3) 
5 = 115V Dimmer and transducer options 


6 = 220V Standard 
7 = 220V Dimmer option 
8 = 220V Transducer option (note 3) 


1.750 9 = 220V Dimmer and transducer option 
(44.4) 


Family Code 


Nahe 
a . All instruments are supplied with mating connector, 
(91.2) keying plug, and connector locking hardware. 

2. Additional connectors and keying plugs may be ordered 


MOUNTING CUTOUT as P/N 28841. 
3. Standard 6 minute resolver for use with API-30604/05 


MOUNTING PROCEDURE /08/09 may be ordered separately as P/N 15760. 


1. Cut out mounting hole. 

2. Removing lens: insert screwdriver into notch at the 
bottom of the bezel and gently pry out lens. 

3. Insert Panel Meter into cutout. 

4. Retract pawls to rear position by turning screws counter 
clockwise. 

5. Lock Panel Meter into position by turning screws 
clockwise. 

6. Replacing lens: Slightly bend lens and snap into side 
channels of bezel. 
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API-36005 
SYNCHRO/RESOLVER ANGLE INDICATOR 


IBM pc® CARD INSTRUMENT 


DESCRIPTION 


The API-36005 is a full size IBM PC 
card containing a broadband, high-ac- 
curacy instrumentation § grade 
Synchro/Resolver Angle Position In- 
dicator. The indicator accepts a Refer- 
ence signal of either 26 Vrms or 115 
Vrms, along with Synchro/Resolver 
Signals of 11.8, 26, or 90 Volts Line-to- 
Line, and converts these signals into 16 
or 20 bits of binary angular information. 
The Reference and Synchro/Resolver 
input signals are fully transformer iso- 
lated and can accept signals over the 
frequency range of 360 Hz to 5000 Hz. 
The API-36005 contains a built-in 
single angle self-test feature for con- 
fidence testing. 


Demonstration software, which shows 
the API-36005 capabilities is available 
with the card. 


APPLICATIONS 


The API-36005 is a versatile high-ac- 
curacy Synchro/Resolver Angle Posi- 
tion Indicator instrument for IBM PC 
based test systems. Data to-and-from 
the instrument is more than an order-of- 
magnitude faster than conventional 
IEEE bus test systems, because the card 
plugs directly into the PC bus structure. 
It is ideal for use as a stand-alone angle 
indicator in the engineering lab or as 
part of the PC based automatic test 
equipment (ATE). 


FEATURES 


Accuracy of +18 ARC Seconds in 
20-Bit Mode 


Programmable Resolution of 
16 or 20 Bits 


Broadband Operating frequency 
360 Hz to 5000 Hz 


Fully Transformer lsolated 

Tracking Rate of 

1040 Deg/Sec in 16-Bit Mode, 
65 Deg/Sec in 20-Bit Mode 


Loss-Of-Reference and Tracking 
Status Bits 


R/D CONVERTER 
MODULE 


STATUS & 
CONTROL 
REGISTER 


eeeue 


Q 
D 
@) 
c 
= 


COMPUTER BACKPLANE 


G-6 


FIGURE 1. 


XFMR & LEVEL 
MUX 


INTERNAL 
TEST 
REFERENCE 


SYNCHRO/RESOLVER 
INPUT A 


SYNCHRO/RESOLVER 
INPUT B 


API-36005 BLOCK DIAGRAM 
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TABLE 1. API-36005 SPECIFICATIONS 


REFERENCE INPUT 

Type 

Voltage Range 

Frequency 

Input Impedance 

Breakdown Voltage 

Harmonic Content 
SIGNAL INPUT 

Type 

Format 

Voltages L-L 

Frequency 

Phase Shift 

Input Impedance 

Breakdown Voltage 
DYNAMIC CHARACTERISTICS 

Tracking Rate 

16-Bit Mode 
20-Bit Mode 

Settling Time 
PROGRAMMABLE FEATURES 

L-L Voltage Input 

Ref Level () 

Synchro/Resolver 

Resolution 

Inhibit (Freeze Measurement) 

Channel 


POWER SUPPLIES 


TEMPERATURE RANGE 
Operating “O 


The API-36005 is a full size IBM PC card which contains a 
broadband instrument grade Synchro/Resolver-to-Digital con- 
verter. The instrument accepts either a 26 Vrms or a 115 Vrms 
Reference along with 11.8, 26, or 90 Volt Line-to-Line Synchro 
or Resolver signals, and converts this information into a 16 bit 
or 20 bit binary word. The Indicator can track the Synchro/Resol- 
ver input signals at rates up to 1040 degrees/second in the 16-bit 
mode and 65 degrees/second in the 20-bit mode. Both the Ref- 
erence and the Synchro/Resolver inputs are fully transformer 
isolated and can accept signals over the frequency range of 


360Hz to 5000Hz. 


VALUE 
20/16 programmable 


transformer isolated 
26 or 115 -40/+20% 
360 - 5,000 

100k min 

500 min. 

10 


transformer isolated 
synchro or resolver 
11.8, 26, or 90 +10% 
360 to 5,000 

+ 50 max Rel to Ref 
150k min. 

500 min. 


11.8, 26, or 90 
115 or 26 


20 or16 


AorB 


+5V, 550mA max 
+12V, 150mA max 


0 to +50 
-25 to +85 


Aconversion Inhibit feature allows the computer to freeze the 
angular position during the time it takes to read out the digital 
angular position data. The Inhibit can also be used to time 
synchronize angular data with external events, or to synchronize 
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several instruments together if they are in the same computer. 


__ Two fault signals are generated within the Instrument. The 
BIT status signal indicates that the converter is no longer track- 
ing the Synchro/Resolver input. This condition can occur if a 
step input is applied to the tracking converter, or if the 
Synchro/Resolver input is rotating faster than the maximum 
allowable tracking rate. The Loss-of-Reference (LOR) status bit 
indicates that the input Reference signal is missing or too low. 


The API-36005 generates an internal 45 Degree angle for use 
in self-test. 


A block diagram for the API-36005 is shown in Figure 1. 


REGISTER ADDRESSING 


The API-3600S is I/O addressed in typical Base Address and 
Offset fashion and uses 8 contiguous bytes of memory in the I/O 
address space. To decode these 8 bytes requires the use of the 
three LSBs of the I/O address. The remaining 7 address lines are 
used for setting the Base Address via a DIP switch located on 
the circuit card assembly. The Base Address of the card is preset 
at the factory to HEX address 300. In this configuration the card 
will occupy the address space of 300h to 307h. Table 4 shows 
the DIP switch settings as the card leaves the factory. The base 
address can be changed to any address from 000h to 3F8h in 
increments of 8 using Table 4 as a reference. Table 2 contains a 
I/O Memory Map of the API-36005. 


TABLE2. 


| 
| 
| 
i 
| 
| 
| 
| 
| 
| 
| 


| Ao |  WVOWrite | WORead | 

[0 |NOTUSED ——*|NOTUSED si 

| 1 |NOTUSED ——[NOTUSED sd 

|-o0 [NOTUSED —[NOTUSED 

/1 [NOTUSED —s[NOTUSED 
--0 | 0 |CONTROLWORD | CONTROLWORD __ 
/o | 1 |NOTUSED __|BITS 17-20 & FAULT 
|1 | 0 |NoTUSED _—s[BITS9o-16 

BITS 1-8 (MSBs 
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CONTROL WORD BIT MAP 


Normal/Self-Test 
Channel A/B 
Reference 115/26 
nhibit 
Resolution 20 Bits/16 Bits 
Resolver/Synchro 
Signal Level MSB 
Signal Level LSB 


w Normal/Self-Test - A logic high for this bit connects the RH and RL ref- 
erence input to the converter section of the instrument. A logic low for 
this bit selects the Test Reference input supplied externally. 

w Channel A/B - The API-36005 can accept two independent 
Synchro/Resolver signal sources i.e., channel A and channel B. This 
bit is used to select the desired channel. A logic high selects channel 
A and a logic low selects channel B. Channel A contacts are normally 
open and channel B contacts are normally closed. 

w Reference 115/26 - This bit is used to select the input Reference level. 
A logic high configures the converter to accept a 115 Vrms Reference 
signal and a logic low configures the converter to accept a 26 Vrms 
Reference signal. 

w Inhibit - A logic high for this bit enables the converter to track the input 
synchro/resolver signal. A logic low causes the converter to freeze at 
the angular position present during the high to low transition of the In- 
hibit bit. When reading the angular position information from the API- 
36005 it is necessary set this bit low before reading the three bytes of 
angular data in order freeze the angular reading. The Inhibit bit should 
be set back to a logic high as soon as possible so that the converter 
can reacquire and track the synchro/resolver input signal. This bit can 
also be used to time synchronize the instrument to external events, or 
to synchronize several Synchro/Resolver Indicator cards in multichan- 
nel test systems. 

w Resolution 20 Bits/16 Bits - There is a tradeoff between tracking rate 
and angular resolution i.e., for a constant angular rate each additional 
bit of resolution will have to track at twice the frequency of the pre- 
vious bit. For this reason the API-36005 has two tracking ranges. A 
logic high for this bit will provide 20 binary bits of angular resolution at 
rates up to 65 degrees/second, and a logic low for this bit will provide 
16 bits of angular resolution at rates up to 1040 degrees/second. 

w Signal Level Select - These two signal select bits (MSB and LSB) 
select the Line-to-Line voltage level for the Synchro/Resolver input sig- 
nals. Additionally an internal 45.000 degree self-test angle can also be 
selected. These bits are decoded as shown in Table 3. 


TABLE 3. 


FUNCTION 
45 Degree Self-Test Angle 
11.8 Volt L-L input 
26 Volt L-L input 
90 Volt L-L input 
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BITS 17-20 & FAULT BIT MAP 


'7/6|5/4/3]2/1[0) 


Bit 17 (0.0027 Deg) 
Bit 18 (0.0014 Deg) 
Bit 19 (0.0006 Deg) 
Bit 20 (0.0003 Deg) 
Not Used 

Not Used 

LOR 

BIT 


@ Bits 17 thru 20 - These bits contain part of the binary angular informa- 
tion. This data must be combined with Bits 1 thru 16 as shown below 
under the heading of Binary Angular Data in order to calculate the an- 
gular position. 

w LOR - During normal operation this bit will be in the logic high state. A 
logic low indication for this bit indicates that the Reference input to the 
converter is missing (Loss-Of-Reference). 

w BIT - During normal operation this bit will be in the logic high state. A 
logic low indication for this bit indicates that the converter is not track- 
ing the input Synchro/Resolver signal. This may occur momentarily if 
a step input is applied to the converter. The BIT signal will also be as- 
serted if the converter is Inhibited while the input angle is changed or 
is rotating. 


BITS 9-16 BIT MAP 


'716/5]4}3/2]|1[0) 


Bit 9 (0.703 Deg) 
Bit 10 (0.350 Deg) 
Bit 11 (0.175 Deg) 
Bit 12 (0.087 Deg) 
Bit 13 (0.044 Deg) 
Bit 14 (0.022 Deg) 
Bit 15 (0.011 Deg) 
Bit 16 (0.005 Deg) 


BITS 1-8 BIT MAP 


Bit 1 (180.000 Deg) 
Bit 2 (90.000 Deg) 
Bit 3 ( 45.000 Deg) 
Bit 4 ( 22.500 Deg) 
Bit 5 ( 11.250 Deg) 
Bit 6 ( 5.625 Deg) 
Bit 7( 2.813 Deg) 
Bit 8( 1.406 Deg) 


OS 
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The composite Synchro/Resolver shaft angle is calculated 
from the data in bits 1 thru 20 using the following formula: 


Angle = 360 x [(Bits 1-8) x 4096 + (Bits 9-16) x 16 + (Bits 17-20)] 
1048576 


EXAMPLE: 
Bits 1-8 =01101010 
Bits 9-16 =01010001 
Bits 17-20 =0110 


The decimal equivalent of Bits 1-8 is 106 


The decimal equivalent of Bits 9-16 is 81 
The decimal equivalent of Bits 17-20 is 6 


Inserting this data into the above equation yiclds the follow- 
ing: 


Angle = 360 x [(106) x 4096 + (81) x 16 + (6)] 
1048576 


= 149.5095062 Degrees 


Data to and from the API-36005 card is controlled by the 
computer using standard I/O Read/Write cycles. However, the 
following precautions must be taken. 


@ Relays are used to switch the Synchro/Resolver input signals so 
enough time must be allocated for them to settle out (around 
10ms). 

a If the line-to-line voltage range of the synchro/resolver is changed, 
it could take up to 3 seconds for the converter to reacquire the 
input signals to the rated accuracy. 

w If a step input is applied to the indicator, enough time must be allo- 
cated to allow the tracking converter to reacquire the input angular 
position. This could take up to 500 ms for a 180 degree step. 
During this time the BIT signal may be asserted. 

w In order to guarantee that the three bytes of binary angular data 
are from the same instantaneous angular position the following se- 
quence must be used: 


¢ 1.Set the Inhibit bit in the Control Word to logic low to freeze the 
converter. 

¢ 2.Read the three bytes of angular information in any sequence. 

¢ 3.Retum the Inhibit bit to the logic high state to release the con- 
verter so that it can resume tracking the input signal. 

« 4.Process the retrieved data to calculate the angular position. 
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The Base Address of the card is preset at the factory to HEX 
300 as shown in Table 4. The Base Address can be changed to 
any address from 000h to 3F8h in increments of 8 using the Table 
4 as a reference. 


P/O HEX 0 
AO, A1, and A2 are 
not part of the 
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COMPUTER INTERFACE CONNECTOR 


The API-36005 inputs place one LS-TTL load on each of the 
IBM data bus lines and uses one standard TTL signal level to 
drive the data bus. The pin number and function of the computer 


SIGNAL I/O CONNECTOR interface signals are listed in Table 6. 


The converter I/O signals are brought off the circuit card 
assembly viaa25 pin ’D’ type connector. The signal connections NOT USED 


: : DATA BIT 7 
to this connector are shown in Table 5. DATA BIT6 


DATA BIT 5 
DATA BIT 4 
DATA BIT 3 
DATA BIT 2 
DATA BIT 1 
DATA BIT 0 

I/O READY ’ NOT USED 

AEN ADDRESS ENABLE 

A1i9 NOT USED 

A18 NOT USED 

A17 NOT USED 

A16 NOT USED 

A15 NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
ADDRESS BIT 9 
ADDRESS BIT 8 
ADDRESS BIT 7 
ADDRESS BIT 6 
ADDRESS BIT 5 
ADDRESS BIT 4 
ADDRESS BIT 3 
ADDRESS BIT 2 
ADDRESS BIT 1 
ADDRESS BIT 0 
GROUND 
SYSTEM RESET 
POWER SUPPLY 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
POWER SUPPLY 
GROUND 
NOT USED 
NOT USED 
I/O WRITE 
/O READ 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
POWER SUPPLY 
NOT USED 
GROUND 


SIGNAL 
S1 channel A 
S1 channel B 
S2 channel A 
S2 channel B 
S3 channel A 
S3 channel B 
S4 channel A 
S4 channel B 


Circuit ground 
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WOW 
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—— 


Note: Dimensions are in inches (centimeters) . | ; : . | | 
0.3 
(0.76) 


FIGURE 2. MECHANICAL OUTLINE 
with DIP Switch location 


ORDERING INFORMATION 
API-36005 
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IAC-37001 


DESCRIPTION 


The IAC-37001 is a Register Based "C" 
size VXI card containing separate 
Synchro/Resolver Angle Generation 
and Synchro/Resolver Angle Measure- 
ment instruments. Each instrument is 
totally independent from the other and 
can be programmed to operate in either 
the Synchro or Resolver mode at 11.8, 
26, or 90 volts Line-to-Line over the 
frequency range of 360 to 5000 Hz. 
The Measurement section allows 
selection of 20 or 16 Bit Binary resolu- 
tion. The Generation section has a 
resolution of 16 Bits with an accuracy 
of + 25 arc sec at no load and + 36 arc sec 
with a 1.5 VA Synchro or Resolver load. 


VXI REGISTER BASED SYNCHRO/RESOLVER 


SIMULATOR AND INDICATOR ON A CARD 


PRELIMINARY 


Stant angular rotation either clockwise 
or counter clockwise via a programmed 
data rate, or by means of external speed 
and direction signals. 

The two instruments can be con- 
nected together under program control 
to implement full wrap-around test 
capability. 


APPLICATIONS 


Applications for the IAC-37001 include 
production testing, quality control in- 
spections, and laboratory instrumenta- 
tion. Due to its flexibility, the 
IAC-37001 functions well for testing 


FEATURES 


INDEPENDENT D/S AND S/D 
FUNCTIONS 


PROGRAMMABLE: 
-Wrap-Around Self-Test 
-Measurement/Generation 

Connect Relays 
-L-L Voltage 
-Synchro/Resolver 
-Resolution 
-Dynamic Rate and Direction 
-INVExt Rate Signals 


FAULT REGISTER 


POWERED FROM THE +12 AND 
+5 ON THE P1 CONNECTOR 
VXI: 
-'C' Size Card (9.2 x 13.4x 1.2") 


A Dynamic Rotation feature for the navigation equipment, antenna posi- -A16/D16 Format 
Generator provides the user with con- __ tion, and calibration systems. -Register Based Device 
SIGNAL MEASUREMENT 


INPUT ISOLATION 
& LEVEL ———— 
SELECTION 


MUX 


S 
RESOLVER INPUT 


EXTERNAL 
FEEDBACK 
ROTATION DIGITAL ANGLE D/R CONVERTER CONTROL 
SPEED & GENERATOR MODULE SIGN AL GENERATOR 
POLARITY RESOLVER OUTPUT 
INTERNAL 
DATA BUS REFERENCE 
GENERATOR 
SIGNAL GENERATOR 
REFERENCE 


R/D CONVERTER 
MODULE 


CONTROL 
REGISTER 


VXI 
CONFIGURATION 
REGISTERS 


E |< =X! BACKPLANE 


BACKPLAN 
INTERFACE 


STATUS 
REGISTER 


DATA BUS 


FIGURE 1. |[AC-37001 BLOCK DIAGRAM 
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TABLE 1. IAC-37001 SPECIFICATIONS 


© SIGNAL MEASUREMENT SECTIO. 


PARAMETER 
[RESOLUTION | Bits_| 20/16 programmable 
Degrees | 0 to 360 

REFERENCE INPUT 


Type transformer isolated 
Voltage Range 26 or 115 -40/+20% 
Frequency 360 - 5,000 

Input Impedance 100k min 
Breakdown Voltage 500 min. 


Harmonic Content 10 
SIGNAL INPUT 
Type transformer isolated 


Format synchro or resolver 


Voltages L-L 11.8, 26, and 90 
Frequency 360 to 5,000 
Phase Shift + 50 max Rel to Ref 


150k min. 
500 min. 


Input Impedance 
Breakdown Voltag 
DYNAMIC CHARACTERISTICS 


Tracking Rate 
16 Bit Mode 1,040 min. 
20 Bit Mode 65 min. 
Settling Time 0.5 max 
PROGRAMMABLE FEATURES 


L-L Voltage Input 

Ref Level (115/26Vrms) 
Synchro/Resolver 
Resolution 20/16 Bits 
Inhibit (Freeze Converter) 


REFERENCE INPUT 


Type transformer isolated 
Voltage 26/115 programmable 
Frequency 360 - 5,000 
Breakdown Voltage 500 min. 


Harmonic Content 10 max for full accurac 


SIGNAL OUTPUT 


Type transformer isolated 
Format synchro or resolver 
Voltages L-L 11.8, 26, and 90 
Drive Capability 1.5 

Scale Factor +3.5 

Scale Factor Variation with angle +0.15 


output & thermal overload 
500 min. 


Protection 
Breakdown Voltage 
DYNAMIC ROTATION (INT) 


Rotation constant rate CW or CCW 
Resolution 12 bits binary plus sign 
Range 1 (Output Steps of 0.17 min (LSB Weight) 
0.0055 Deg.) 686.48 (1.91 RPS) max 
Range 2 (Output Steps of 2.68 min (LSB Weight) 


0.088 Deg. 10983.6 (30.5 RPS) max 
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TABLE 1. IAC-37001 SPECIFICATION (continued) 


CTION 


DYNAMIC ROTATION (EXT) 
Range 1 
Range 2 
Direction 
PROGRAMMABLE FEATURES 
L-L Voltage Output 
Ref Level (115/26Vrms) 
Synchro/Resolver 
Dynamic Rate and Direction 
InvVExt Rate Signals 
Disconnect 


0.0055 per clock tick 
0.088 per clock tick 
CW or CCW 


Powered by +12 and +5 
on the P1 connector. 
Current 

+5 1PM 900 

+5 IDM 30 

+12IPmM 590 

+12IDM 290 

—12 Ipmy 520 

-—12 IDM 280 


+5 average 870 
+12 average (no load) 176 
+12 average (full load) 335 
+12 average (short circuit) 590 
—12 average (no load) 110 
—12 average (full load) 305 
~—12 average (short circuit 520 
TEMPERATURE RANGE 
Operating 
Storage 
PHYSICAL 
CHARACTERISTICS 
Size (VXI 'C’ 


0 to +50 
-25 to +85 


9.2x13.4x 1.2 


The Signal Measurement section can be programmed to pro- 
vide either 16 or 20 bits of resolution with an accuracy of 18 arc 
seconds either in the Synchro or Resolver mode. Both the Ref- 
erence and the Synchro/Resolver inputs are fully transformer 
isolated and can accept signals over the frequency range of 360 
to 5000 Hz. The Measurement section can be programmed to 
accept Synchro/Resolver signals of 11.8, 26, or 90 volts Line-to- 
Line and Reference input levels of 26 or 115Vrms. A hold feature 
allows the computer to freeze the converter data at the current angle 
for data readout, synchronization to external events, or synchroniza- 
tion with other Synchro/Resolver Angle Indicator cards. Inhibit 
allows the computer to freeze the converter at the current angle. 


The Signal Generation section can be programmed to provide 
either Synchro or Resolver output signals at 11.8, 26, or 90 volts 
Line to Line, and to accept Reference input levels of 26 or 115 
Vrms. The Reference input and the Synchro/Resolver output 
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signals are both transformer isolated and operate over the fre- 
quency range of 360 to 5000 Hz. 


The Generator section also contains a Dynamic Rotation 
capability. This feature provides for a programmed constant 
angular velocity, either clockwise or counter clockwise, in two 
ranges (low and high). Using the internal clock the Low Range 
steps the converter in 0.0055 degree increments from 0.1676 
degrees/second to 686.4776 degrees/second with a resolution of 
0.1676 degrees/second. In the High Range, which is effectively 
the Low Range times 16, the converter steps in 0.088 degree 
increments and covers the rotational range of 2.6822 
degrees/second to 10983.6418 degrees/second (30.5101 RPS). 
The card can also be programmed to accept external Rate and 
Direction signals for user programmable dynamic applications. 


A block diagram of the IAC-37001 is shown in figure 1. 


Three modes of wrap-around self-test are available under 
program control. A complete stand-alone self-test mode can be 
achieved by programming the IAC-37001 to connect the Meas- 
urement section input to the Generator section output, program- 
ming both sections for the same Synchro/Resolver mode and 
Line-to-Line level, and selecting the internal 400 Hz test Refer- 
ence. No external signals are required to perform this wrap- 
around self-test. 


When the IAC-37001 Instrument is being used primarily as a 
Generator, a real-time self-test mode can be programmed by 
simply programming the Measurement section for the same 
Synchro/Resolver mode and Line-to-Line level as the Generator 
(and supplying it with the same reference that the Generator is 
using), and connecting it to the Generator output. In this con- 
figuration the Generator output can be continuously monitored 
in real-time. 


When the IAC-37001 is being used primarily for angle Meas- 
urement the Generator can be programmed for the same 
Synchro/Resolver mode and Line-to-Line voltage as the Meas- 
urement section and supplied with the same reference. The 
Measurement section can then be switched back and forth be- 
tween the Generator output and the external signal inputs for a 
quasi-real-time test i.e., the Measurement section can be verified 
before each reading. If the expected angular position of the 
external Synchro/Resolver signal is known beforehand (as in a 
predefined test procedure) this self-test mode is generally more 
useful. 
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REGISTER ADDRESSING 


The IAC-37001 is addressed in typical Logical Address and 
Offset fashion in accordance with the VXIbus System Specifica- 
tion, and utilizes 11 registers to communicate with the VXI 
system. A Memory Map of these eleven registers is shown in 
Table 2 and the registers are described in detail in the Register 
Bit Map section. The DIP switch for the Logical Address of the 
card is preset at the factory for a Logical Address of 2 as shown 
in Table 3. The Logical Address can be changed to any address 
from OOh to FFh using Table 3 as a reference. 


5) 


f 


" 


[00 |i Register_ ——*(NotUsed 
[02 | Device Type | NotUsed —*d 
[04 | Status Register | Control Register ____| 
[06 | NotUsed | NotUsed 
[08 | NotUsed | Control Word A 
[0A | NotUsed _|SGAngle id 
[0c | SMAngie LSBs | NotUsed 4 
0c | SMAngieMSBs | NotUsed——_—+ 
10 Not Used 

14 | NotUsed | D/S Speed and Polarity _| 
ID REGISTER BIT MAP 

MSB LSB 


Device Class 
Address Space 
Manufacturer ID 


= Device Class - Both of these bits are set to logic 1 to define a Register 
Based VXI Device. 

w Address Space - Both of these bits are set to logic 1 to define a A16 
Only VXI Device. 

w Manufacturer ID - These bits contain the DDC manufacturer ID num- 
ber of 4072 (FE8h). 


DEVICE TYPE BIT MAP 


MSB LSB 


16[14)13]12[1 110] 9|8|7|6|5/4]3]2]1]o 
REXEERERSEREEEE 


w Model Code - These 16 bits contain the DDC model number 310 
(0136h). 


Model Code 
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STATUS REGISTER BIT MAP 


MSB LSB 
rene aie ee ete lo 


A24/A32 Active 
MODID 

Device Dependent 13-10 
SG BIT 

SG LOR 

Device Dependent 7 
BUSY 

SM BIT 

SMLOR 

Ready 

Passed 

Device Dependent 1-0 


w A24/A32 Active - This is a device dependant bit for A16 devices and is 
permanently set to logic 1. 

w MODID - The IAC-37001 does not support MODID capability so this 
bit is permanently set to logic 1. 

w Device Dependent 13-10 - These device dependent bits are all per- 
manently set to logic 1. 

w SG BIT - This bit is normally at a logic 1 state. This bit will go to logic 
0 if the Signal Generator is experiencing a thermal or electrical over- 
load condition. This bit may go to logic O momentarily if a large an- 
gular step is programmed. 

w SG LOR - This bit is normally at a logic 1 state. This bit will go to logic 
0 if the Reference input to the Generator is missing (Loss-Of-Refer- 
ence). 

w Device Dependent 7 - This bit is permanently set to logic 1. 

w BUSY - This bit is normally at a logic 1 state. This bit will go to logic 0 
for approximately 3 seconds after making a write to the Control Word 
A register. During this time the Generator output and the Measure- 
ment data may not be within the specified accuracy limits. 

w SM BIT - This bit is normally at a logic 1 state. This bit will go to logic 
0 if the Signal Measurement is unable to track the input 
Synchro/Resolver signal. This can happen if the Synchro/Resolver 
input is rotating too fast, if the Synchro/Resolver input is missing al- 
together, or if the converter is inhibited and the input angle is 
changed. This bit may also go to logic 0 momentarily if a step input is 
applied to the converter. 

= SM LOR - This bit is normally at a logic 1 state. This bit will go to logic 
0 if the Signal Measurement input Reference is missing. 

w Ready - This bit is permanently set to logic 1. 

w Passed - This bit is permanently set to logic 1. 

w Device Dependent 1-0 - These two device dependent bits are per- 
manently set to logic 1. 
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CONTROL REGISTER BIT MAP 


MSB LSB 
15/14|13/1211 1Hol9/817/6|5]4[3]2] 1/0) 

epilead Seer eee 

SM Hold 

Speed On/Off 

Rate InvExt 

Range Hi/Lo 

Ref Inv/Ext 

Sysfail Inhibit 

Reset 


w SM Hold - This bit controls the transfer of the angular Measurement 
data into internal storage registers. Setting this bit to logic 0 will cause 
the continous transfer of angular Measurement data into these 
storage registers. Setting this bit to logic 1 will cause the Measure- 
ment section to continue to track the input signals; however, the 
storage registers will hold the angular data present at the time of the 
low-to-high transition of this bit ( in worst case conditions there may be 
a 2 us delay between the low-to-high transition and the storing of the 
angular data). To set up for the next read sequence, after the inter- 
face reads the angular data, this bit should be set back to logic O . 

m Speed On/Off - A logic 1 on this bit enables the Signal Generator to 
rotate at the programmed direction and speed. A logic 0 disables the 
Dynamic Rotation feature causing the Generator to stop rotating. 

w Rate Int/Ext - A logic 1 on this bit selects the internal programmed rate 
and polarity signals. A logic 0 selects the external rate and polarity in- 
puts. In the extemal rate mode the rotational angular rate is related to 
the External Clock in the Low-Speed mode (see bit 03) as follows: 


360 
65536 
¢ In the High-Speed mode the rate is 16 times faster. 


* Rotational rate (Degrees/Second) = * Ext clock 


w Range Hi/Lo - A logic 1 on this bit sets the Dynamic Rotation mode 
into the High-Speed (16X) mode. A logic 0 selects the Low-Speed 
range. See the D/S speed and polarity register for additional informa- 
tion. 

w Ref Int/Ext - A logic 1 on this bit selects the internal 400 Hz Reference 
for both the Signal Measurement and Signal Generation sections. A 
logic 0 selects external Reference signals. 

w Sysfail Inhibit - The Sysfail function is not implemented on the IAC- 
37001 so this bit is nonfunctional. 

w Reset - A logic 1 on this bit will reset the IAC-37001 to the power on 
State i.e., the Control Word A register, the SG Angle register, and the 
D/S Speed and Polarity register are all cleared to logic 0. 
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CONTROL WORD A REGISTER BIT MAP 


MSB LSB 


renalsaear tiled Hole lalate 


Not Used 

SG Enable 

SG Reference 115/26 
SG Connect 

SG Resolver/Synchro 
SG Signal Level 

Not Used 

SM Reference 115/26 
SM Inhibit 

SM Resolution 20/16 
SM Signal Source Ext/SG 
SM Resolver/Synchro 
SM Signal Level 


m= SG Enable - A logic 1 on this bit enables the Signal Generator output 
power driver. A logic 0 disables the power driver. 

m SG Reference 115/26 - A logic 1 on this bit configures the Signal Gen- 
erator to accept a 115 Vrms Reference input signal. A logic 0 con- 
figures the Generator to accept a 26 Vrms Reference. 

= SG Connect - A logic 1 on this bit closes the Connect relays placing 
the programmed Generator output signals on the front panel output 
connector pins. A logic 0 disconnects the Generator output signals 
from the front panel. 

= SG Resolver/Synchro - A logic 1 on this bit configures the Generator 
to supply Resolver output signals. A logic 0 selects Synchro output 
signals. 

= SG Signal Level - These two bits set the Generator Line-to-Line volt- 
age level according to the following table: 


Bit 9 Bit 8 


L-L Level 
11.8V 


26 V 
INVALID 
90 V 


™ SM Reference 115/26 - A logic 1 on this bit configures the Measure- 
ment section to accept a 115 Vrms Reference signal. A logic 0 
selects a 26 Vrms reference signal. 

= SM Inhibit - This bit should normally be set to the logic 1 state. A logic 
0 on this bit freezes the converter at the angle present at the high to 
low transition of the bit. Be careful when using this function because it 
will stop the Measurement section from tracking the input signal. It 
could take up to 500ms for the system to recover after returning the 
SM Inhibit bit to logic 1. 

= SM Resolution 20/16 - A logic 1 on this bit configures the Measure- 
ment section for a resolution of 20 bits. A logic 0 selects 16 bit resolu- 
tion. 

= SM Signal Source Ext/SG - A logic 1 on this bit configures the Meas- 
urement section to accept Extemal Resolver/Synchro signals. A logic 
0 connects the Measurement section inputs to the Generation section 
output for wrap-around testing. 

m SM Resolver/Synchro - A logic 1 on this bit configures the Measure- 
ment section to accept Resolver input signals. A logic 0 selects 
Synchro input signals. 
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= SM Signal Level - These two bits control the input signal level selec- 
tion for the Measurement section according to the following table: 


Bit 0 L-L Level 
11.8V 


26 V 
INVALID 
90 V 


SG ANGLE BIT MAP 
MSB LSB 
rsltalialt2lt sto 9[e|7]6|5[4]3[2]1]o 
SG Angle SRERRRERERERRES 


= SG Angle - The 16 bit word contained in this register programs the 
Generator output angle. Bit 15 has a angular bit weight of 180 
degrees, bit 14 has a weight of 90 degrees, etc., down to bit 0 which 
has a weight of 0.0055 degrees (rounded to 4 decimal places). 


SM ANGLE LSBs BIT MAP 


MSB LSB 


15]14/13}12/11}10]9|8/7]6]5] 4] 3] 2/1 Jo 
Ree RaES 


Undefined 
SM Angle LSBs 


m Undefined - A byte register for these bits is not implemented in the 
hardware. As it is most likely that logic 1s will be returned for this byte 
these bits should be ignored, stripped off, or set to logic 0 by the com- 
puter. 

= SM Angle LSBs - Bits 07 thru 04 are preset to logic 0. Bits 03 thru 00 
contain the LSBs of the Measurement angle when the Measurement 
section is programed for the 20 bit resolution mode of operation. Bit 
03 has a angular bit weight of 0.0027 degrees and bit 00 has a weight 
of 0.0003 degrees (rounded to four decimal places). 


SM ANGLE MSBs BIT MAP 


MSB LSB 
1s}14|tg}2its}1o}9|8}7]6]5]4]/3}2]1 Jo 
SRR RERREERRERE 


m SM Angle MSBs - This 16 bit word contains the 16 MSBs of the 
angle read by the Measurement section for both the 16 bit and 20 bit 
modes of operation. Bit 15 has an angular bit weight of 180 degrees, 
bit 14 has a weight of 90 degrees, etc., down to bit 00 which has a 
weight of 0.0055 (rounded to 4 decimal places). 


SM Angle MSBs 
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IAC-37001 


EXTENDED MODEL NUMBER REGISTER BIT MAP 


MSB LSB 


15{14/13112|1 111019] 87/6/5143] 2] 1 ]0| 
SER RRERRRER 


w Extended Model # - This 16 bit word contains the DDC revision level 
of the instrument. 


Extended Model # 


D/S SPEED AND POLARITY BIT MAP 


MSB LSB 


Not Used 
Polarity -/+ 
Speed Data 


w Polarity -/+ - A logic 1 for this bit (in conjunction with bits 3,4,and 5 in 
the Control Register) causes the Generator Output to rotate in the 
direction of decreasing angular values. A logic 0 causes the output to 
rotate in the direction of increasing angular values. 

uw Speed Data - This 12 bit word sets the speed of rotation of the Gener- 
ator Output when the Int Rate mode is programed (see bit 04 of the 
Control register). This Speed Data value can range from 0 to thru 
4095. The speed of rotation is related to this word in the Low-Speed 
range (see bit 04 of the control register) as follows: 


¢ Rotational speed (Deg/Sec) = eee ase x Speed Data 


= 0.167638063 x Speed Data 


* For the High-Speed mode the rotational rate is 16 times faster. 


Decimal Angle to Binary Angle conversion Algorithm 


The Most Significant Bit (MSB) of the 16 bit word represents 
the Binary Angular value of 180 Degrees. The second MSB 
represents the angular value of 90 Degrees, and the third repre- 
sents 45 Degrees, etc., down to the Least Significant Bit (LSB) 
which represents 0.005 Degrees (rounded to 3 decimal places). 


Algorithms to convert Decimal angular data into Binary an- 
gular data consist of testing the magnitude of the Decimal value 
against the Binary values to see which Binary values can be 
added together in order to come closest to the Decimal value. 
This test generally starts with the most significant Binary bit 
weight of 180 Degrees and determines whether it is more or less 
than the Decimal value. If the Decimal value is larger than 180 
degrees then obviously this Binary bit is part of the final Binary 
value, if the Decimal value is less than 180 degrees then this Bit 
is not part of the final Binary value. This same test is now 
performed using the second Binary Bit (90 degrees) and so on 
down to the LSB of 0.005 Degrees. 


For example, to convert 135.703 Degrees to a Binary value 
the following steps are taken. 


1. The Most Significant Binary bit is 180 Degrees and is obvious- 
ly too large to be contained in the final Binary value so it is 
set to logic 0. 


2. The Second Binary Bit has the value of 90 Degrees which is 
smaller than the Decimal value of 135.703 Degrees. It is 
obviously part of the final Binary value so it is set to logic 1 
and 90 Degrees is subtracted from the Decimal value leaving 
45.703 degrees. 


3. The Third Binary bit has the value of 45 Degrees which again 
is smaller than the Decimal remainder of 45.703. It obviously 
is part of the final Binary value so it is set to logic 1 and 45 
Degrees is subtracted from the Decimal remainder leaving 
0.703 Degrees. 


4. The Forth Binary Bit has a value of 22.5 Degrees which is too 
big to fit. It is set of logic 0 and the testing continues using 
the Decimal value of 0.703. So far we have tested the 4 MSBs 
of the Binary values and the Binary solution at this point is 

"0 110" with 12 more Binary Bits to test. 


The Sth, 6th, 7th, and 8th Binary bits are all too large and are 
therefore set to logic 0. The Binary value at this point is 
"01100000" with 8 more Binary Bits to test. 


6. The Binary Bit weight of the 9th bit is 0.703 Degrees and it 
fits exactly into the Decimal value of 0.703. The Binary Bit 
is therefore set to logic 1 and the Binary answer at this point 
is"011000001". The Binary value of 0.703 is subtracted 
from the Decimal Value and the remainder is 0. 


7. As the Decimal remainder is now 0 obviously none of the 
remaining Binary Bits will Fit into the Decimal value so they 
can all be set to logic 0. The final 16 bit Binary answer is 
therefore "0110000010000000" 
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Binary Angle to Decimal Angle conversion Algorithm 


Conversion of Binary Angular Data into Decimal Angular 
Data is simply a matter of adding all of the Decimal Angular 
weights for all of the binary bits which are set to logic 1. For 
example if the Measurement section is programmed for 16 bits 
of resolution and the Binary Angular measurement is 


"0110110000000000" 
The Decimal angle will be 


(0 x 180) 
+ (1 x 90) 
+ (1 x 45) 
+ (0 x 22.5) 
+ (1 x 11.25) 
+ (1 x 5.625) 


Total 151.875 Degrees 


If the 16 bit binary value is treated as an Binary Integer, which 
in this case has the hex value of FCOO or the decimal value of 
27648, the binary angle can be calculated via the following 
formula: 


Decimal Angle = 
65536 


which for this example is: 


= 360 x 27648 = 151.875 degrees 
65536 


In the 20 Bit mode the equation expands to the following: 


Decimal Angle = 360 x MBSs Value + 
| 65536 1048576 


All data to and from the IAC-37001 card is transferred via 
standard Read/Write cycles, however the following precautions 


must be taken. 
w Relays are utilized to switch the Measurement section 


Synchro/Resolver input Line-to-Line levels so enough time must 
be allocated for them to settle out (around 10ms). 

w If an angular step input is applied to the Measurement section, 
enough time must be allocated to allow the tracking converter to 
reacquire the input angular position. This could take up to 500 ms 
for a 180 degree step. During this time the SM BIT signal may be 
asserted. 

win order to guarantee that the Measured binary angular data is 
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stable during the time it is being read by the computer the follow- 

ing sequence must be utilized: 

* 1.Set the SM Hold bit in Control Register (bit 06) to logic 1 to 
hold(freeze) the angular data. 

¢ 2.Wait at least 2 us for the Measurement section to finish up 
any residual processing. 

¢ 3.Read the angular information of 16 or 20 bits. 

« 4.Retum the SM Hold bit to the logic 0 to set up for the next 
read sequence. 

« 5.Process the retrieved data to calculate the angular position. 

w Relays are utilized to switch the Synchro/Resolver Line-to-Line 
levels of the Generator, and to implement the Connect feature. 
Enough time must be allocated for the relays to settle out (around 
10 ms) so that the Generator output is stable. 

w |f an angular step input is given to the Generator allow at least 
50 ms for the output to stabilize. 

w If the SG output amplifier is disabled (Control Word A, bit 13), it 
could take up to 3 seconds to stabilize after it is re-enabled. 

w If the reference input to the SG or SM section is missing, the value 
of the BIT signal may not be valid. 


The Logical Address switch is a 10 position dip switch located 
on the printed circuit card assembly. This switch is preset at the 
factory to the logical address of 2 as shown in Table 3. If desired 
the Logical Address can be changed to any other Logical Ad- 
dress from 00h to FFh using Table 3 as a reference. 


10 X User 
X Not Used 


Note 1: The |[AC-37001 is a static configuration, slave device and as 
such should not be assigned to Logical Addresses 0 or 255 (00h or 
FFh) to avoid conflicting with other VXI instrumentation. Setting the 
Logical Address to 1 may also cause a problem as some Slot 0 con- 
trollers utilize this address. 

Note 2: Each VXI instrument is assigned a 64 byte memory area in 
the A16 address space, and to decode these 64 bytes requires the 
use of the lower 6 address bits (05 to 00). The Logical Address util- | 
izes the next 8 address bits (13 to 06) and address bits 15 and 14 are | 
| defined by the VXlbus specification to be in the logic 1 state. _ 
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VXI INTERFACE CONNECTOR 


The IAC-37001 utilizes only the P1 connector of the VXI 
backplane. The signal connections made on this connector are 
shown in Table 4. 


SIGNAL I/O CONNECTOR 
The converter I/O signals are brought off the circuit card 
assembly via a 25 pin ’D’ type connector mounted on the front 


panel. The signal connections to this connector are shown in 
Table 5. 


ORDERING INFORMATION 
IAC-37001 


IAC-37001 


| CTABLEG.~=——“(‘CWC*@ir)}O€OOCOCTA@BLES.. 
PIN] ROWA | ROWB| ROWC |/PIN| SIGNAL 
|1|d00  |— [pos _—sif 1 |GRounns—sd 
|2{|por = [— [po el 
(3 {|po2 I[— [pio {{3/SsGREFRL 
|4{[Ddo3_  |[BGOIN [p11 £#=$[T4/[-— | 
|5|b04 |BGOOUT|DI2  |{ 5|[SMREFRL. | 
(6 |d0S |BGIN [p1i9 £#=[{[6/— © | 
|7|do0e  (|[BGiOUT|DI4 «6s iT 7 |sase..tti‘S 
|8|Do7_ |BGaN [pi5 [| slsass | 
1/9 |GND |BG20UT/GND  []o/-— | 
}10|syscikK [BG3IN [— _—s ff 10[sms2.t—~—S 
'11|/GND_-|BG3OUT/BERR sii 11 [smsa.t—~—~—S 
'12/DSt_ |— __[SYSRESET| ee |G 
113/Dso_|— —_—[TWoRD | POLARITY 
i4[write |—  [amsS __|l ia [GROUND —™” 
fis{Gno. |— Ss [— sd ag f-— 
}16|DTACK [AMO |—  _‘|f4s|/SGREFRH 
f17/GND_[AM1 —[— sd ep f— itsti‘“—s™SOSCSS 
fia/AS [Ame |[— __ ff 471 
f19|/GND[AM3.—s [— sd 798 | 

| 20 | IACK GND |— _—iff'49) 
}21|TACKIN, |—  [— ___ |f'20] 

}22|iACKOUT/— Ss [— 

GND 


= 
rs 


IS fas 

oO DINO 

reer 

SiSisigisisis 

— 1M |O/|Lion N 
+e[ele ele 
2 |B |B |S |= [is | 


P31 {-12v 
+5V 


Dimensions are in inches (mm). 


.s i — — wt 
(30.48) | 
) 0.44 MAX 
(11.176) 
CI) Dh 
| 3.5 
6 P1) | (88.9) 
® iP 
| 9.187 +0.010 
® Th (233.35 +0.254) 
Le 
PZ | 
fr S1 
eee 
Ta 


4 ee 13.386 +0.010 
(340.004 +0.254) 


Cc FIGURE 2. MECHANICAL OUTLINE 
with DIP SWITCH location 
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MSR-236 


MULTISPEED SYNCHRO/RESOLVER ANGLE INDICATOR 
Measures Single/Dual Speeds in Dual Speed Systems 


MSR-236 
MILITARIZED 
PACKAGE 


DESCRIPTION 


The MSR-236 is a versatile angle indic- 
ator instrument for dual speed synchro 
and resolver systems. Front panel 
switches can be used not only to select 
the input (synchro or resolver, L-L 
voltage level, speed ratio) and to con- 
trol (inhibit, lamp test) but also to 
change the measurement after the 
system has been connected (dual speed 
or single speed at either input; reverse 
direction of rotation). The MSR-236 
is housed in a rugged, militarized 
MIL-T-21200 type drip-proof combin- 
ation case designed for shipboard use. 
The instrument can be used to display 
angle, to test synchro or resolver 
systems, and to interface single or dual 
speed systems with a computer. No 
adjustments or calibrations are re- 
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quired, and there is no warm-up 
period, drift, or jitter. 


APPLICATIONS 


Designed as a rugged, all-purpose multi- 
speed angle indicator, the MSR-236 
can be used wherever the accuracy of 
two-speed conversion is required. It 
can be used as test and measuring 
equipment, or it can be installed as 
part of a system control loop, serving 
as a converter with a display. Since 
the single speed of each two-speed 
input can be measured independently, 
the MSR-236 is useful for system 
alignment. Applications are found in 
radar antenna systems, fire control 
systems, navigation sensors, and auto- 
matic machine tool control monitoring. 


FEATURES 


MEASURES ANGLE IN SINGLE 
OR DUAL SPEED MODES IN 
i336 AND 2:36 SPEED: SYS- 
TEMS 


DISPLAYS 5 DECADE ANGLE 
WITH .01° RESOLUTION AND 
PRODUCES PARALLEL BCD 
DIGITAL OUTPUT 


ACCURACY: 
+0.01° in multispeed mode 
+0.1° +1 LSB insingle speed mode 


SIGNAL AND REF INPUT: 

Transformer isolation 

All common synchro and reso/ver 
L-L voltage levels and fre- 
quencies 

Front panel switches can change 
reference and signal phasing to 
reverse sense of rotation 


e LOGIC: 
TTL compatible 
Converter Busy and Inhibit 


@ OPERATES FROM STANDARD 
LINE VOLTAGES, 115/230V 
WITH TRANSFORMER /SO- 
LATION, AND 47—440 Hz 
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SPECIFICATIONS 


RESOLUTION er in 


ACCURACY, (All Causes) 


MSR-236 


PIN ASSIGNMENTS 


J1 POWER CONNECTOR 


Dual Speed Mode 
Single Speed Mode 


ANGLE RANGE 
CONVERSION RATE Greater than 30 times/sec 

Harmonic oscillator type converter 
FRONT PANEL DISPLAY 


REFERENCE INPUT 


Input Type 

Voltage 

Frequency 

Input Impedance 
Allowed Phase Shift 
Breakdown Voltage 


SIGNAL INPUT 


Input Type 


Voltage 

Frequency 

Impedance 

Tolerances: 
Voltage 
Harmonics 

Breakdown Voltage 


Digital Angle Output 


Converter Busy Output 


Inhibit Input 


FRONT PANEL CONTROLS 


Synchro/Resolver 
Line-to-Line Voltage 
Measurement Mode 


Hold/Convert 
Lamp Test 


Power ON/OFF 


TEMPERATURE RANGES 


Operating 
Storage 


POWER INPUT 


Voltage 

Power Frequency 
Fuse (on Rear Panel) 
Isolation 


PHYSICAL CHARACTERISTICS 


MSR-236 


Size 
Weight 
Connectors 


+0.01° 
+0.1° +1 LSB 


000.00° to 359.99°, continuous rotation for 1X and 
1:36 speed modes 
+89.99° in 2X and 2:36 speed modes 


5 digit, 7 segment, LED display 


Transformer isolation 

10 to 130V 

47 to 500 Hz 

25K ohms min 

+20° relative to signal, for full accuracy 
+500 VDC to Logic GND 


Transformer isolation 

Dual speed synchro or resolver input 
11.8V, 26V, or SOV Line-to-Line 
Same as Reference 

100 KQ min 


+20% 
+10% 
+500 VDC to Logic GND 


DIGITAL INPUT/OUTPUT (TTL Compatible) 
5 BCD decades, 18 data lines total, positive true logic, 


continuously available: 200°, 100°, 80°, 40°, 20°, 
10.6.4 ,2°,1°,08°,.04 0:2, 0.1", 0.08", 
0.04°, 0.02°, 0.01° 
Drive capability is 5 Std TTL loads, buffered outputs 
2 usec positive pulse (logic 1 = busy) 


Drive capability is 5 Std TTL loads, buffered output 

Logic 0 inhibits update of angle display and BCD 
output 

Loading is 1 Std TTL load 


Selects synchro or resolver mode 

Selects 11.8V or 26V or 90V 

Selects dual speed 1:36, or dual speed 2:36, or single 
speed of 1X or 2X input, or single speed of 36X 
input 

Applies Inhibit 

Tests LED display by lighting all segments (888.88 
display) 

Main power control 


O°C to +55°C 
—55°C to +125°C 


115/230V rms +10% 
47 to 440 Hz 

Buss, GMW -1, 1 Amp 
Transformer 


MIL-T-21200 type drip-proof combination case 
Removable front cover stores signal and power 
cables. Color either ‘‘Flight-Line’’ yellow or ‘’Stan- 
dard” grey. 

12 x 9.6 x 4.8 inch (30.5 x 24.4 x 12.2 cm) 

11.7 Ibs typ, including cables (5.3 kg) 

Standard MS connectors on front panel; 15 ft signal 
cable for reference and signal inputs terminates with 
clearly identified alligator clips; 8 ft power cord. 


MSR-236 
Pin No. Function 


115V/230V High 

115V/230V Low 
(Neutral) 

Chassis GND 


NOTE: 115V or 230V operation is selected by a 
switch inside the case. Units are set for 115V unless 
specified otherwise. 


J2 INPUT/OUTPUT CONNECTOR 


MSR-236 
Pin No. Function 


X36 INPUT 
S4 for 
resolver 
inputs only 


X1 INPUT 

S4 for 
resolver 
inputs only 
‘Reference high 
Reference low 


01° 

CB Converter Busy 
GND Digital ground 
INH Inhibit 

Spare pin 

1° 

Spare pins 


A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
e 
M 
N 
Pp 
R 
S 
T 
U 
V 
W 
X 
¥ 
2 
a 
b 
C 
d 
e 
f 
g 
h 
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MSR-236 MECHANICAL OUTLINE 


[| fT 


3.00 
COVER 
| 
— VIEW SHOWN WITH 
COVER REMOVED 
Ce 
ORDERING INFORMATION Viet a 
—.._ ; {\ Ga 
MSR-236* Instrument packaged in a MIL-T- sinibcaipie a ates © 
‘ p LAMP G)O)G msrp 236 
21200 combination case. MS con- 3 Wetec ies Gane 
nectors, signal cord, line cord and — © 7 
instruction manual are included. 4.81 | @ » pak, was ee ren 1 eV gov _[ POWER @ | 
Evel Be 
SPEED Sree Ors HOSE @ ae 


*MSR-236 case will be ‘‘standard”’ grey unless 
another color is requested. 


R1isZR2 © x © "© N¢ @ 


@ 
©® CONVERT OOoe CONNECTOR 
(*) INPUT PHASING PTO2-E-10-6P 


CONNECTOR 
PT02-E-18-32P 
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DESCRIPTION 


The SIM-31200 Series are high quality 
synchro and resolver simulators, 
which incorporate microprocessor 
control of digital input multiplexing, 
front panel display, internal 20-bit 
digital to resolver converter and 
status/fault flag outputs. The internal 
20-bit binary converter provides reso - 
lution of.001° BCD or .00034° binary, 
with accuracy up to +.003° (10 arc 
seconds). The angle input may be 
entered locally via the keyboard, or 
remotely through the rear panel 
parallel data connector. The remote 
input format (BCD or binary) is select- 
able via a rear panel switch. An op- 
tional IEEE-488 interface is available 
for using the SIM-31200 with instru- 
ments connected to a General Pur- 
pose IEEE Parallel Data Bus. 


The front panel keyboard is for local 
programming of output formats, in- 
crement/decrement, output voltage 
levels, angle entry and calibration/ 
test functions. 

The reference input (26 or 115V rms) 
is broadband (47 Hz to 11 KHz) and 
may be supplied to the rear panel 
connector or front panel terminals. 


LOCAL REF 
RESISTOR 
REMOTE REF NETWORK | 


REFERENCE 
EXCITATION 
INPUT 


- 
: evaone FD} Stee? 

| 

, DISPLAY 

| DISPLAY DISPLAY 

[. SIM-31200, 31201 ONLY 


a 


INTERFACE 


IEEE-488 
BUS CONTROLLER 


CONTROL 


SIM-31201 31202 ONLY 


SIM-31200 SERIES 
SYNCHRO AND RESOLVER 


High Frequency Option 
(SIM-31205) Available 
(contact factory) 


The outputs are transformer isolated 
synchro or resolver signals prog- 
rammable to 11.8, 26, or 90V rms 
line-to-line. 

The microprocessor provides con- 
trol for analog signal output formats 
and levels. In addition, the micropro- 
cessor works in conjunction with a 
nonvolatile memory and a counting 
circuit to measure the reference fre- 
quency which is used to generate a 
digital correction and calibration 
scheme. 


The instrument is powered by 115V 
or 230V rms, and has internal EMI/ 
RFI filtering. Bench top and rack 
mounted configurations with or 
without front panel keyboard or dis- 
play are available. 


APPLICATIONS 


Applications for SIM-31200 Series 
include production testing, quality 
control inspections and laboratory 
instrumentation. Due to its I/O flexi- 
bility, the SIM-31200 functions well 
for testing navigation equipment, 
antenna position and calibration 
systems. 


REFERENCE 

FREQUENCY 

MEASURING 
CIRCUIT 


8-BIT 
MICROPROCESSOR 
(6809) 


20BIT 
DIGITAL 
TO RESOLVER 
CONVERTER 


SENSING 
CIRCUIT 


SINE 
POWER 
AMPLIFIER 
SIN 
a Tr 
POWER 


CURRENT 


ANGLE SIMULATORS 


FEATURES 


@ 5 VA-DRIVE CAPABILITY 


@ HIGH ACCURACY: 
+.003° NO LOAD 
+.008° FULL LOAD 


@ WIDEBAND: 47 Hz TO 11 KHz 


@ /EEE INTERFACE (OPTIONAL) 


@ PROGRAMMABLE OUTPUT 
STANDARD SYNCHRO AND 
RESOLVER LEVELS 


@® OVERLOAD PROTECTED 


@ DIGITAL CALIBRATION 
FOR IMPROVED 
MAINTAINABILITY 


RELAY 
ORIVERS 


FRONT 
PANEL 


OUTPUT SYNCHRO 
RESOLVER 


FORMAT 
AND VOLTAGE 
SWITCHING 
RELAYS 


OUTPUT wane: 
TRANSFORMERS 11 BV 26v'90V 


REAR 


PANEL 
CONNECTOR 


THERMAL 
PROTECTION 


FIGURE 1. BLOCK DIAGRAM 
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SPECIFICATIONS 


SIM-31200 SERIES 


Apply over temperature range, + 10% reference voltage and frequency variation, and + 10% harmonic distortion in the reference. 


PARAMETER VALUE PARAMETER VALUE 


RESOLUTION .001° BCD; .00034° Binary 


ACCURACY®* 
47Hz-2KHz + 003° (no load); + .004° 1.5VA load; 
+ 008° 5VA load 
10K Hz + 015° (no load); +.03° 1.5VA load. 
*Accuracy degrades as a linear function 
of frequency from 2K Hz to 11K Hz. 
For higher accuracy consult factory 


ANGLE RANGE 000.000° To 359.999° (BCD) 
000.000° To 359.99966° (Binary); 
continuous rotation 
DISPLAY 
Output Angie 6-digit, 7segment LED with polarized 
filter 
Status Indications Local, Remote, Synchro, Resolver, 
11.8V, 26V., 9OV., Overload, 
Reference Missing LEDs. 


DIGITAL INPUT/OUT 
Parallel |/O TTL Compatible 
Type Open = Logic 1; Ground = Logic 9 
Inputs 
Loading 1 LS TTL Load 
BCD/Binary Switch selectable format; 22 data lines; 
Angle Input 6 decades BCD, or 20-bit binary; 200°, 
100°, 180/80°, 90/40°, 45/20°, 
22.5/10°, 11.25/8°, 5.625/4°, 
2.812/2°, 1.406/1°, .703/.8°,.351/.4°, 
176/.2°, .088/.1°, .044/.08°, .022/.4°, 
.011/.2°, .0055/.01°, .0027/.008°, 
.0014/.004°, .00069 /.002°, .00034/.001° 
Other Inputs Synchro/Resolver, 11.8 voit, 50 volt, 
Data Track/Hold, MPU Reset 
Outputs 
Orive Capability 5 Standard TTL loads 
Signal Reference Missing, Overioad, Parallel 
Input Ready, Binary/BCD, 
GP1B/Paralie| 
GPIB IEEE Interface Optional, See Below 


REFERENCE INPUT 
Input Type Transformer |solated 
Voltage Levels 26 VRMS/115 VRMS; Others Special: 
Consult Factory 
Frequency 47Hz.-11K Hz. 
Input Impedance 26V -50K min.; 115V -230K min. 
Harmonic Content 10% maximum allowable 
Location Through either front panel or rear 
connector for both local and remote 
modes. 
Max. Allowable Voltage 
Operating 127V for 115V nominal 
29V for 26V nominal 
Max. Allowable Voltage 
No Damage 35V for 26V nominal 
150V for 115V nominal 
Breakdown Voltage +500 VOC to Logic Ground 


FACTORY CALIBRATION 
FREQUENCIES AND RANGES 
Synchro 9OV, 47-150Hz (Cal at 60Hz2); 
151-1000Hz (Cai 400Hz): 
11.8V- 360 -2000Hz (Cai at 400Hz) 
11.8V- 360 -2000Hz (Cal ar 400Hz) 
2000Hz-11KHz (Cal at 10KHz) 
90V-151-2000Hz (Cal at 400Hz) 
User calibration 


Anywhere within specified ranges. 
frequencies 


**See Ordering Information 


TECHNICAL INFORMATION 
INTRODUCTION 


The SIM-31200 Series Simulator is a third generation 
unit featuring «P control and calibration. It is available in 
three configurations: 

1. SIM-31200 is the standard bench top unit with front 
panel controls and a parallel digital output at the rear 
for remote operation. 

2. SIM-31201 is the same as the SIM-31200 but with op- 
tional IEEE GPIB interface. 

3. SIM-31202 is a unit optimized for ATE applications. It 
has a blank front panel to prevent inadvertent opera- 
tion. The interface is solely through the rear panel 
IEEE GPIB port or parallel digital I/O. 


All versions may be bench operated or rack mounted 
with appropriate mounting hardware. 


KEYBOARD OPERATION 


Local operation of the SIM-31200 Series is through a 16 


pad keyboard, which allows for selection of operating 
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SYNCHRO/RESOLVER 
OUTPUT 
Type of Output Synchro ($1, $2, $3 outputs) or resolver 
(S1,S2, $3, S4 outputs) with transformer 
isolation. 
Line-to-Line Programmable 11.8. 26 and 90 VRMS 
Output Voltages +0.5% nominal due to all causes 
Output Locations Front Panel and rear connector, active in 
both local and remote modes. 


Minimum L-L Load 

impedance Z) HVE 26V, 11.8Vi 

Synchro (47-2000Hz) 1215 ohms -- 21 ohms 

Resolver (47-2000Hz) 1620 ohms 135 ohms 28 ohms 

Resolver (2-11KHz) 93 ohms 

Orive capability Will drive loads with any phase angie trom 
-90° to +90°. 

Time phase + .4° max, up to 2 KHz; + 1° at 11KHz with 
respect to reference input 

Scale factor + 025% simultaneous amplitude variation in 

variation all output lines as a function of digital angle 

Protection Momentary and continuous Overcurrent 
protection; Output overload and reference 
iNput missing indications to user; Over 
temperature shutdown protection 


Breakdown voltage +500 VDC toGND 


RESPONSE TIME 75ms max upon receipt of input from 
paratiel |1/O or IEEE bus 


FACTORY CALIBRATION Instrument not specified for 26V Synchro operation 
WARM UP TIME 


FRONT PANEL CONTROLS 
Power On/Off switch 
Keyboard Local/Remote, Synchro/Resolver, 11.8/26/90 voit 
Lamp Test, Angle ‘‘Delta” Entry, Increment/ 
Decrement Angle, clear entry, decimal point, 
calibrate, angie entry 


FRONT PANEL 1/O Reference Input (115R, 26F}, RL): 
Synchro/Resolver 
Output (S1, $2, $3, $4); Case Ground; 
Digital Ground 


REAR PANEL 
Connectors J1 (50-Pin Analog/Digital 1/O) Standard** 
J2 (24-pin GPIB 1/0) optional** 
J3 (3-pin Power) 
Control! Switches GPIB/Paralle!l (Optional) 
BCD/Binary 
GPIB Address-5 bits (Optional) 
115/230 voit-Power Input 


POWER INPUT 
Connector Rear Connector including internal EMI/RF| 
filter; separate line cord supplied 
Voltage Switch selectable 115/230V rms + 10% 
Power frequency 47 to 63H2z (For 400H2 line power operaton contact factory) 
Fuse (on rear pane!) Buss, GMW-2, 2 Amp 
lsolation Transformer 


PHYSICAL 
CHARACTERISTICS 
Size 81/8 x 31/2 x 14 1/2 Inches 
(20.6 x 8.9 x 36.8 cm.) 
Weight 14 Ibs (6.4 kg.) 
Mounting** Half-rack; full-rack 


TEMPERATURE RANGE 
Operating 0° to 50°C 
Storage —65°C to + 100°C 


mode, output level and format, test and calibration func- 
tions, six digit numerical angle programming, digital 
angle input enable and angle increment/decrement with 
programmable delta angle. The keyboard has 10 dual- 
function keys (highlighted in grey in Figure 2) which are 
identified by the presence of numerals in the lower case 
position. The remaining keys are single function keys. A 
description of the keyboard functions is provided in 
Table 1. 


FRONT PANEL CONNECTIONS 


Front panel signal output terminals (S1, S2, S3 and S4) 
permit direct access to selected signal levels in synchro 
or resolver format. The reference input terminals may be 
used for local or remote operation to provide the instru- 
ment with 115V or 26V reference excitation. Care must 
be taken to operate with only one reference source (rear 
connector or front panel terminals). Accidental duplica- 
tion of reference input signals will not damage the instru- 
ment, but will cause errors in angular information in the 
display (SIM-31200 and SIM-31202) and synchro and re- 
solver outputs on all models. 
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CALIBRATION 


The internal microprocessor operates in conjunction 
with a non-volatile RAM and the reference measuring 
circuit (Figure 1) to implementa calibration scheme. This 
allows compensation for angular errors caused by the 
output transformers. The procedure will allow calibra- 
tion to a total error that is equal to or less than +.003°.A 
detailed calibration procedure is in the Instruction Man- 
ual supplied with each instrument. 


DIGITAL PARALLEL 1/0 


Operating any of the Simulator models through the rear 
parallel digital I/O port requires that the instrument be 
connected according to the connection scheme shown in 
the Parallel 1/O (J1) Pin Function Table. The user must 
also position the rear panel switch (PRL) to select the 
parallel interface and then select the proper angle format 
with the Binary or BCD (BIN/BCD) switch. The user must 
manually set the remote mode, since all models, except 
the SIM-31202, initialize to the local mode when power is 
turned on. 


REMOTE OPERATION VIA THE IEEE GPIB 


When operating via the IEEE-488 Interface, a remote 
mode command signal is provided by the Interface (SIM- 
31201 and SIM-31202). The front panel indicator lights 
will illuminate, even though the instrument is controlled 
remotely (except SIM-31202). They will function as if in 
the local operating mode, by indicating synchro or resol- 
ver signal output and line-to-line voltage level. In the 
event of a fault condition, such as current overload or re- 
ference voltage drop below 5V rms (26V reference) or 
22V rms (115V reference) the front panel lights (OVLD or 
REF LOSS) will illuminate in either local or remote mode. 


The SIM-31202 requires that all signals access the device 
through the J1 Interface Connector (rear panel). The user 
must further insure that the rear panel function switches 
are set for proper signal and power input (see Mechani- 
cal Outline). If operating SIM-31201 or SIM-31202 with 
lIEEE-488 General Purpose Interface Bus (GPIB), the user 
must program the appropriate 5-digit device address, 
select the GPIB position and BCD or Binary code on the 


| Indicates dual function key 


FIGURE 2. SIM-31200 SERIES KEYBOARD 
(LOCAL OPERATION) 


SIM-31200 SERIES 


rear panel to facilitate communication via the IEEE-488 
data bus. All GPIB signals are provided to the J2 Interface 
Connector with the exception of the Reference input, 
which must be supplied through the J1 Connector or the 
appropriate front panel binding post. 


DRIVE CAPABILITY 


SIM-31200 Series Simulators can drive up to 5 VAover 
the frequency range of 47 Hz to 2 kHz and 1.5 VA at fre- 
quencies up to 10 kHz. When driving tuned loads the tun- 
ing capacitors should not exceed .01uFon 90 VL-Lsyn- 
chros or resolvers, .15uF on 26V L-L resolvers, .75uF on 
11.8V L-L synchros or resolvers or .4uF on 11.8V resol- 
vers operating over 2 kHz. These are beyond the range of 
most tuning capacitors and so should not be a problem. 


KEYBOARD FUNCTIONS 

KEY- FN ENABLED FUNCTION** 
BOARD FUINCTION* 

PAD 
When depressed, N/A 
enables user to select 
upper functions of the 
dual function keys. 


LOC Selects local mode. Enters numerical 
1 value of “1”. 

REM Selects remote mode.| Enters numerical 
2 value of “2”. 

SYN Selects synchro Enters numerical 
3 output. value of “3”. 

RES Selects resolver Enters numerical 
4 output. value of "4". 


11.8V Selects 11.8V output Enters numerical 
5 level. value of "5". 


26V Selects 26V output Enters numerical 
6 level. value of “6”. 

90V Selects 90V output Enters numerical 
7 level. value of "7". 


Enters numerical 
value of “8”. 


al 


Initiates lamp test for 
approximately 1 
second displaying 
888.888 and causing 
all front panel indica- 
tors to light. 


Increments input 
angle by the 


delta value. 
Used for instrument 


Enters numerical 
calibration. value of “9”. 
CLR Clears angular Enters numerical 
display. value of “0”. 


CAL 


-3- 


ENT N/A Enters selected 
A delta angle into 
instrument 


Decrements input 
angle by delta value. 


/ 


Zz 
> 


ENT N/A Enters displayed 
angle into 
x instrument 


Enters numerical 
value representing 
a fractional part of 
anangleentry. 


@ N/A 


*FN enabled functions are called out in red 
alphanumerics and are collocated with angle entry 
digits, which are blue. 

**Functions are activated after FN configuration has 

been selected. 
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PARALLEL I/O J1 PIN FUNCTIONS 


Spare Pin .0027/.008° DATA T/H Handshake Input 
Spare Pin Remote Ref “1" = Track Parallel Angle 
Case GND \ Input Input Data 
J1 Return “0” = Hold Parallel Angle 
SYN/RES Input") GPIB/PARALLEL Input/Output) _____ Input Data 
“1” = Synchro Signal Output Programming”? BIN/BCD 
“0” = Resolver NU/100° “0” = Binary I/O 
Output Level Programming”) 180/80° “1” = BCDI/O 
90/40° °°) 1.406/1° NU/200° 
22.5/10° 11.25/8° 45/20° 
5.625/4° .088/.1° 2.812/2° 
.703/.8° Spare .352/.4° 
.176/.2° REF MISSING Output Spare 
MPU RESET Input PARALLEL INPUT RDY Output" Converter SIN/COS Common (6) 
“1” = Normal Operation Spare Converter SIN 
“0” = Resets Microprocessor .0055/.01° Converter COS 
OVERLOAD Output .0014/.004° .044/.08° 
“1” = Overcurrent Sensed Spare 
“0” = No Overcurrent Synchro/Resolver .0003/.001° 
.022/.04° 
.011/.002° 
.0007/.002° 
Notes: (1) Pins used in all parallel /O modes only. (3) J1 Connector pins 7-11, 14-17, 23-27, 32-33, 40-43, 48 and 50 are Binary/BCD 
(2) Signal output programming is as follows: (NU = not used Binary) 
J1-6 J1-22 L-L Voltage (4) Switch Selectable (rear panel) 
Logic Logic Level “1 = IEEE-488 Bus controlled ‘'0” = Parallel 1/O controlled 
(5) S4 used for resolver operation only. 
“0” “0” 90 Volts (6) Converter SIN/COS Common is to be used only for the analog calibration of the 
“Q”" “y" 26 Volts internal Digital to Resolver Converter Module. Refer to the SIM- 31200 Manual for 
oq" “0” egal calibration procedures. It should not be connected to J1 Return or other system 
i va? 11.8 Volts grounds 


IEEE-488 PIN FUNCTIONS 
A 


D101 Datal/O Line 
D102 Data I/O Line 
D103 Data l/O Line 
D104 Data I/O Line 
EOI 

DAV 

RFD 

DAC 

IFC 

SRQ 

ATN 

Case GND 

D105 Data I/O Line 
D106 Data I/O Line 
D107 Datal/O Line 
D108 Data l/O Line 
REN 
GND 
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ORDERING INFORMATION 


All instruments are supplied with detachable line cord, mating 
connector (J1) and instruction manual. 


High Frequency Option 
SIM-31200 (SIM-31 205) Available 
Opti — (contact factory) 


0 = Bench top with keyboard 
1 = Bench top with keyboard and IEEE-488 
2 = Blank front panel with IEEE-488 


Notes: 1. SIM-31201 and SIM-31202 are supplied with carry/ 
support handle. For 2 rack mounting brackets order 
P.N 33395. For full rack mounting brackets order 
P/N 33396. 


| 2. SIM-31202 is supplied with ¥% rack mounting 
brackets. For full rack mounting brackets order 
G 26 P/N 33396. 


MECHANICAL OUTLINE Dimensions in inches (centimeters). 


Amphenol Connector 
552791-2 


— 


AMP Connector 205869- 1 
Mating Connector 
Amphenol 17-10500-1-39 0 


@ 
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@) 
TOP VIEW 
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@ 
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REAR VIEW 
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FRONT VIEW 


an SIM-31200 SERIES 


CORPORATION 
SIM-31203 ADDENDUM 


The SIM-31203 is identical to the SIM-31200 series with the 
addition of "rate" mode. 


The implementation of the new Rate feature takes advantage of the 
fact that the main Firmware loop in the SIM-31200 is interrupt 
driven by a 20 millisecond timer (ie. 50 times a second). What 
we have done is to utilize this consistent 20 millisecond clock 
aS a time base for stepping the Synchro/Resolver output of the 
Simulator. The amount that the output steps each interval is 
controlled by the Delta Angle function already incorporated in 
the SIM-31200. This implementation does however require that the 
user calculate the Delta Angle (ie. step size) required for the 
desired rotational rate. The formula for calculating the Delta 
Angle knowing the desired output rate in degrees/second is the 
following: 


Delta Angle = Desired rate * 0.02 


The limitation on the slowest possible programmable rate is based 
on the fact that the smallest programmable Delta Angle is 0.001 


Degrees. Therefore the slowest programmable Rate (and also the 
resolution of the Rate feature) is 50 * 0.001 deg/sec or 0.05 
deg/sec. The upper limit for the Rate feature is basically 


meaningless as it can theoretically be programmed for a rate of 
360 * 50 = 18000 degrees/second. 


Because of the implementation technique utilized only linear 
rates (constant velocity) are available, however the output can 
be programmed for either the Positive of Negative rotation. The 
Rate feature is only available via the IEEE bus as no 
modifications have been made to the Keyboard of associated 
CLYCULTrY. It should also be noted that because of time 
restraints the display is not updated while in the Rate mode. 
Finally, in order to provide as much flexibility as possible the 
Delta Angle, the Angle, and the Direction can be changed while 
in the Rate mode should someone find it advantageous to do this. 


The four new IEEE commands added to the SIM-31200 to facilitate 
the Rate feature are as follows: 


Starts the rotation 
Halts the rotation 
Positive (Increasing angle) Rotation 
Negative (Decreasing angle) Rotation 


GQHMtQ 


Typical operation of the Rate feature would involve calculating 
and programming the Delta Angle, programming the desired 
direction, and then issuing the start command. 


ORDERING INFORMATION: SIM-31203 
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SYNCHRO/RESOLVER ANGLE SIMULATOR 
IBM PC® CARD INSTRUMENT 


PRELIMINARY 


FEATURES 
DESCRIPTION 
The SIM-36010 is a full size IBM PC Demonstration software, which shows | @ ACCURACY OF 
card containing a broadband, high- _ the SIM-36010 capabilities is available + 25 ARC SECONDS NO LOAD, 


accuracy instrumentation-grade 
Synchro/Resolver Simulator Instru- 
ment. The instrument accepts either a 26 


with the card. 
APPLICATIONS 


+ 36 ARC SECONDS FULL LOAD 


Vrms or 115 Vrms Reference signaland The SIM-36010 is a versatile high-ac- ® 1.5 VA DRIVE CAPABILITY 
can provide Synchro or Resolver output curacy, high-drive capability Synchro/ 
signals at 11.8, 26, or 90 Volts Line-to- | Resolver Simulator Instrument for IBM | © PROGRAMMABLE DYNAMIC ROTA- 


Line with a drive capability of 1.5 VA. 
The SIM-36010 also includes a 


PC based test systems. Data to-and- 
from the instrument is more than an 


TION 0.17 DEG/SEC TO 30.5 RPS 


programmable Dynamic Rotation fea- _ order-of-magnitude faster than conven- | ® + 0.025% SCALE FACTOR VARIA- 
ture which provides foraprogrammable tional IEEE bus test systems, because TION 

constant rate, either clockwise or _ the card plugs directly into the PC bus 

counterclockwise, from 0.17 degrees/ _ structure. It is ideal for use as a stand- | @ BROADBAND FREQUENCY 


second up to 30.5 rps. If nonlinear mo- 
tion is required provisions are made for 
external Rate Clock and Direction sig- 
nals. 


alone angle simulator in the engineering 
lab or as part of the PC based automatic 
test equipment (ATE). 


COVERAGE 360 Hz TO 5,000 Hz 
FAULT REGISTER 


EXTERNAL OUTPUT XFMR & SYNCHRO/RESOLV 
SPEED D/R CONVERTER ER 
CONTROL CONTROL MODULE RELAY SIGNAL OUT 
_ XFMR & LEVEL 
MUX 
CONTROL | | 
REGISTER aie 
INTERNAL 
TEST 
INTERFACE MUX REFERENCE 
CIRCUIT 
REFERENCE SIGNAL 
INPUT 
COMPUTER 
BACKPLANE 
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FIGURE 1. SIM-36010 BLOCK DIAGRAM 


BOC 


ILC DATA DEVICE 
CORPORATION 


SIM-36010 


TABLE 1. SIM-36010 SPECIFICATIONS 


ANGULAR RANGE 
REFERENCE INPUT 
Type transformer isolated 

Voltage 26/115 programmable 

Frequency 360 - 5,000 

Breakdown Voltage 1000 min. 

Harmonic Content 10 max for full accurra 
SIGNAL OUTPUT 

Type transformer isolated 

Format synchro or resolver 

Voltages L-L 11.8, 26, and 90 

Drive Capability 1.5 

Scale Factor % +25 

Scale Factor Variation with angle + 0.025 

Protection output overload 

thermal overload 

Breakdown Voltag V 1000 min. 
DYNAMIC ROTATION (INT) 

Rotation 

Resolution 

Range 1 (Output Steps of 

0.0055 Deg.) 
Range 2 (Output Steps of 
0.088 Deg. 

DYNAMIC ROTATION (EXT) 

Range 1 

Range 2 

Direction 


constant rate CW or CCW 
12 bits binary plus sign 
Deg/Sec} 0.17 min (LSB Weight) 
686.48 (1.91 RPS) max 
Deg/Sec| 2.68 min (LSB Weight) 
10983.6 (30.5 RPS) max 


Deg | 0.0055 per clock tick 
Deg | 0.088 per clock tick 
CW or CCW 


PROGRAMMABLE FEATURES 
L-L Voltage Output 
Ref Level (115/26Vrms) 
Synchro/Resolver 
Dynamic Rate and Direction 
InvExt Rate Signals 
Disconnect 


POWER SUPPLY 


V +5v, 400mA max 
+12V, 500mA max 


TEMPERATURE RANGE 
Operating "6 0 to +70 
Storage "C -65 to +150 


The SIM-36010 is a full size IBM PC card which contains a 
broadband instrument grade Digital to Synchro/Resolver con- 
verter. The output signals are fully transformer isolated and the 
card can be programmed to generate 11.8, 26, or 90 Volts 
Line-to-Line in either Synchro or Resolver format over the 
frequency range of 360 Hz to 5000 Hz. The Simulator provides 
16 bits of resolution and has a accuracy of + 25 arc seconds at 
no load and + 36 arc seconds at full load. The digital binary 


angular information is presented to the converter as two bytes of 
information (Most Significant Byte and Least Significant Byte). 
This data is transparently latched into the converter via double 
buffered latches thereby presenting the 16 bits of data to the 
converter simultaneously. The Simulator can drivea 1.5 VA load 
and contains full thermal and overload protection circuitry. Two 
fault signals available. The BIT signal is asserted during an 
electrical or thermal overload condition on the output amplifier, 
and the LOR signal is asserted upon detection of a missing input 
Reference signal. 


The Dynamic Rotation feature provides for a constant clock- 
wise or counterclockwise rotation in two ranges. The low range 
covers the range from 0.1676 degrees/second to 686.4779 
degrees/second with a resolution of 0.1676 degrees/second, and 
the high range covers the range of 2.6822 degrees/second to 
10983.6459 degrees/second (30.5101 RPS) with a resolution of 
2.6822 degrees/second. Provisions for external rate and direction 
inputs are provided for special applications where very low rates 
or nonlinear rotation is required. 


A block diagram of the SIM-36010 is shown in Figure 1. 


REGISTER ADDRESSING 


The SIM-36010 is addressed in typical Base Address and 
Offset fashion and uses 8 contiguous bytes of memory in the I/O 
address space. To decode these 8 bytes requires the use of the 
three LSBs of the I/O address. The remaining 7 address lines are 
used for setting the Base Address via a DIP switch located on 
the circuit card assembly. The Base Address of the card is preset 
at the factory to HEX address 300. In this configuration the card 
will occupy the address space of 300h to 307h. Table 4 shows 
the DIP switch settings as the card leaves the factory. The base 
address can be changed to any address from 000h to 3F8h in 
increments of 8 using Table 4 as a reference. Table 2 contains a 
I/O Memory Map of the SIM-36010. 


TABLE 2. | 
VO Write 
NOT USED 

| 1 | 0 |SPEEDLSBs Ss [NOTUSED—_—i 


= 1 1 | SPEED MSBs & NOT USED 


POLARITY 
| oO [NOTUSED | 
La [i Ts Tancte mses [NoTuseD 
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SPEED LSBs BIT MAP 


(7[6|5]4/3/2/ 110) 


Bit 5 Speed 
Bit 6 Speed 
Bit 7 Speed 
Bit 8 Speed 
Bit 9 Speed 
Bit 10 Speed 
Bit 11 Speed 
Bit 12 Speed LSB 


SPEED MSBs & POLARITY BIT MAP 


716[5|4|3|2]1]0 


Not Used 

Not Used 

Not Used 
Polarity -/+ 

Bit 1 Speed MSB 
Bit 2 Speed 

Bit 3 Speed 

Bit 4 Speed 


w Polarity -/+ - A logic high for this bit causes the dynamic rotation to be 
in the direction of decreasing angular values. A logic low for this bit 
causes the dynamic rotation to be in the direction of increasing an- 
gular values. 

= Speed bits 1-12 - This binary value sets the rate of rotational velocity. 
The speed data is represented as a 12 bit binary word which can have 
a value from 0 to 4095. This word is related to the Low-Range rotation- 
al velocity output using the Internal 125 kHz clock as follows: 


Rotation (Deg/Sec) = 360. x 125,000 x Speed Data 
65536 4096 


= 0.167638063 x Speed Data 


If the High-Speed Range is selected (see bit 1 in control word B) the 
output rotational rate will be 16 times faster. 


For an Extemal Rate Clock the rotational velocity in the Low Range will 
be 


Rotation (Deg/Sec) = 360 x Ext clock 
65536 


In the High Range the rate will be 16 times faster. 


NOTE: For a discussion on decimal to binary conversion tech- 
niques refer to the section headed Binary Angular Data, which 
follows. 
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CONTROL WORD A BIT MAP 
7{6|5|4[3/2]1]o 

Not Used 

Not Used 

Enable 

Reference 115/26 

Connect 

Resolver/Synchro 


Signal Level MSB 
Signa! Level LSB 


w Enable - A logic high for this bit enables the output power driver of the 
Simulator. A logic low disables the output drive stage. 

w Reference 115/26 - A logic high for this bit configures the converter to 
accept a Reference signal of 115 Vrms, a logic low configures the 
card to accept a 26 Vrms Reference. 

& Connect - A logic high for this bit energizes the relays which connect 
the Synchro/Resolver output signals to the Output pins of the I/O con- 
nector on the circuit card assembly. A logic low disconnects the 
Simulator output signals from the Output pins 7 through 10 of the I/O 
connector. This bit is used to disconnect the Simulator output from the 
external test equipment. 


NOTE: When the Simulator output signals are disconnected from the 
Output pins 7 through 10 of the I/O connector, they are switched to pins 
19 through 22. 


w Resolver/Synchro - A logic high for this bit configures the Simulator to 
generate Resolver format output signals, a logic low configures the 
card to generate Synchro format signals. 

w Signal level bits - These two bits set the Line-to-Line signal voltage in 
accordance with Table 3. 


TABLE 3. 


Ha 


11.8 Volt L-L input 
11.8 Volt L-L input 
26 Volt L-L 

90 Volt L-L 


OOS 


ILC DATA DEVICE 
CORPORATION 


CONTROL WORD B BIT MAP 


Not Used 
Not Used 
Not Used 
Not Used 
Speed On/Off 
Rate Inv/Ext 

Range Hi/Lo 
Reference InvExt 


= Speed On/Off - A logic high for this bit enables the Simulator to rotate 
at the programmed dynamic rotation value. A logic low inhibits the 
dynamic rotation of the Simulator. 

w Rate Int/Ext - A logic high for this bit selects the internal program- 
mable dynamic rotation clock. A logic low selects an externally sup- 
plied clock. 

w Range Hi/Lo - a logic high for this bit selects the High dynamic rotation 
range i.e., 2.6822 Degrees/Second to 10983.6459 Degrees/Second 
(30.5101 RPS). A logic low selects the Low dynamic range of 0.1676 
Degrees/Second to 686.4779 Degrees/second. From a hardware 
point of view this bit controls whether the rate clock is connected to 
the LSB (bit 16) or the 5th LSB (bit 12) of the up/down counter driving 
the Digital to Synchro/Resolver Converter in the Simulator. 

w Reference Int/Ext - A logic high for this bit selects the internally 
generated reference signal. A logic low selects a extemally supplied 
reference. 


SIM-36010 


ANGLE LSBs BIT MAP 


Bit 9 (0.7031 Deg) 
Bit 10 (0.3516 Deg) 
Bit 11 (0.1758 Deg) 
Bit 12 (0.0879 Deg) 
Bit 13 (0.0439 Deg) 
Bit 14 (0.0220 Deg) 
Bit 15 (0.0110 Deg 
Bit 16 (0.0055 Deg) 


ANGLE MSBs BIT MAP 


Bit 1 (180.0000 Deg) 
Bit 2 (90.0000 Deg) 
Bit 3 ( 45.0000 Deg) 
Bit 4 ( 22.5000 Deg) 
Bit 5 ( 11.2500 Deg) 
Bit 6 ( 5.6250 Deg) 
Bit 7( 2.8125 Deg) 
Bit 8( 1.4063 Deg) 


w Binary Angle bits 1-16 - This binary value sets the Synchro/Resolver 
output angle. NOTE: For a discussion on decimal to binary conversion 
techniques refer to the section headed Binary Angular Data which fol- 
lows. 


IMPORTANT - When the Binary Angular Data is loaded into the SIM- 
36010 it MUST be loaded into the registers Least Significant Byte first 
followed by the Most Significant Byte. If this sequence is not followed 
the double buffering circuitry for the associated converter will not func- 
tion properly and the angle generated will be incorrect (the new MSB 
data will be used with the previous LSB data, and the new LSB data 
will be put into temporary storage to be used for the next update). 


STATUS REGISTER BIT MAP 
|7|6|5/4]3]2]1 10) 


Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
BIT 

LOR 


w BIT - This bit is normally at a logic high state. A logic low for this bit in- 
dicates that a fault condition exists in the driver stage of the Simulator. 
This fault may be due to an electrical overload on the Simulator out- 
put, a thermal shutdown condition in the power stage of the Simulator, 
or in some cases it may occur for a short time duration if a large an- 
gular change is made and the power stage momentarily goes into cur- 
rent limit. 

= LOR - This bit is normally at a logic high state. A logic low for this bit in- 
dicates that the Reference input to the Simulator is missing (Loss-Of- 
Reference) or too low. 
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The Most Significant Bit of the Most Significant Byte repre- 
sents the Binary Angular value of 180 Degrees. The second Most 
Significant Bit of the same Byte represents the angular value of 
90 Degrees, and the third represents 45 Degrees, etc., down to 
the Least Significant Bit of this Byte which represents 1.406 
Degrees (rounded to 3 decimal places). 


The Most Significant Bit of the Least Significant Byte repre- 
sents 0.703 Degrees (rounded to 3 decimal places) and following 
suit the Least Significant Bit has the weight of 0.005 Degrees 
(rounded to 3 decimal places). 


Algorithms to convert Decimal angular data into Binary an- 
gular data consist of testing the magnitude of the Decimal value 
against the Binary values to see which Binary values can be 
added together in order to come closest to the Decimal value. 
This test generally starts with the most significant Binary bit 
weight of 180 Degrees and determines whether it is more or less 
than the Decimal value. If the Decimal value is larger than 180 
degrees then obviously this Binary bit is part of the final Binary 
value, if the Decimal value is less than 180 degrees then this Bit 
is not part of the final Binary value. This same test is now done 
using the second Binary Bit (90 degrees) and so on down to the 
LSB of 0.005 Degrees. 


For example to convert 135.703 Degrees to a Binary value the 
following steps are taken. 


w 1.The Most Significant Binary bit is 180 Degrees and is obviously 
too large to be contained in the final Binary value so it is set to 
logic 0. 

w 2. The Second Binary Bit has the value of 90 Degrees which is 
smaller than the Decimal value of 135.703 Degrees. It is obviously 
part of the final Binary value so it is set to logic 1 and 90 Degrees 
is subtracted from the Decimal value leaving 45.703 degrees. 

m= 3.The Third Binary bit has the value of 45 Degrees which again is 
smaller than the Decimal remainder of 45.703. It obviously is part 
of the final Binary value so it is set to logic 1 and 45 Degrees is 
subtracted from the Decimal remainder leaving 0.703 Degrees. 

w 4. The Forth Binary Bit has a value of 22.5 Degrees which is too 
big to fit. It is set of logic 0 and the testing continues using the 
Decimal value of 0.703. So far we have tested the 4 MSBs of the 
Binary values and the Binary solution at this point is “O 1 1 0" with 
12 more Binary Bits to test. 

= 5.The Sth, 6th, 7th, and 8th Binary bits are all too large and are 
therefore set to logic 0. The Binary value at this point is 
“0 1100000" with 8 more Binary Bits to test. 

= 6.The Binary Bit weight of the 9th bit is 0.703 Degrees and it fits 
exactly into the Decimal value of 0.703. The Binary Bit is therefore 
set to logic 1 and the Binary answer at this point is 
"01100000 1". The Binary value of 0.703 is subtracted from 
the Decimal Value and the remainder is 0. 

w 7.As the Decimal remainder is now 0 obviously none of the 
remaining Binary Bits will Fit into the Decimal value so they can all 
be set to logic 0. The final Binary answer is therefore 
0110000010000000" 

w 8.The Most Significant Byte of the Binary angle contains the value 
"0 1100000" and the Least Significant Byte contains the Bi- 
nary value "10000000". 
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Data to and from the SIM-36010 card is controlled by the 
computer using standard I/O Read/Write cycles. All of the 
interface logic uses high-speed components, allowing the card 
to be addressed in zero wait state time cycles, however the 
following precautions must be taken. 


@ Relays are used to switch the Synchro/Resolver Line-to-Line 
levels and to implement the Connect feature. Enough time must 
be allocated for the relays to settle out (around 10 ms) so that the 
Simulator output is stable. 


@ If a step input is given to the Simulator allow at least 50 ms for the 
output to stabilize. 


@ The binary data value for the output angle must be loaded Least 
Significant Byte first (the 8 LSBs of the angle) followed by the 
Most Significant Byte (the 8 MSBs of the angle), or the double buf- 
fering scheme will not function properly causing an incorrect angle 
to be generated. 


w |f the output power driver is disabled (Control Word A, bit 5), the 
simulator feedback loop may drift into saturation. It could take up 
to 3 seconds to stabilize after the output power driver is re-enabled. 


The Base Address of the card is preset at the factory to HEX 
300 as shown in Table 4. The Base Address can be changed to 
any address from 000h to 3F8h increments of 8 using the Table 


4 as areference. 


PTA 
AQ Sw4 X HEX 3 
A8 SW5 X 


P/O HEX 0 
AO, A1, and A2 are 
not part of the 

base address 


A2 — — 


oC an S| M-3601 0 


CORPORATION 


COMPUTER INTERFACE CONNECTOR 


The SIM-36010 inputs place one LS-TTL load on each of the 

IBM data bus lines and uses one standard TTL signal level to 

SIGNAL //O CONNECTOR drive the data bus. The pin number and function of the computer 
interface signals are listed in Table 6. 


The Simulator I/O signals are brought off the circuit card 
assembly via a25 pin ’D’ type connector. The signal connections | ALNA 
to this connector are shown in Table 5. | TO GHECK NOT USED 


DATA BIT 7 
DATA BIT 6 
DATA BIT 5 
DATA BIT 4 
DATA BIT 3 
DATA BIT 2 
DATA BIT 1 
DATA BIT 0 

V/O READY NOT USED 

AEN ADDRESS ENABLE 

A19 NOT USED 

A18 NOT USED 

A17 NOT USED 

A16 NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
ADDRESS BIT 9 
ADDRESS BIT 8 
ADDRESS BIT 7 
ADDRESS BIT 6 
ADDRESS BIT 5 
ADDRESS BIT 4 
ADDRESS BIT 3 
ADDRESS BIT 2 
ADDRESS BIT 1 
ADDRESS BIT 0 
GROUND 
SYSTEM RESET 
POWER SUPPLY 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
POWER SUPPLY 
GROUND 
NOT USED 
NOT USED 
/O WRITE 
/(O READ 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
POWER SUPPLY 
NOT USED 

—_GROUND 


TABLE 5. 


Circuit Ground 


CORPORATION 


13.3 
ee (33.8) es 


OT 
SW10 SW1 
3.9 
(9.9) 


wt SIM-3601 0 


(8.1 


Note: Dimensions are in inches (centimeters). 3.19 | 
) | 0.3 
(0.76) 


FIGURE 2. MECHANICAL OUTLINE 
with DIP Switch location 


ORDERING INFORMATION 
SIM-36010 
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SR-103* AND HSR-103* 


+.005° SYNCHRO AND RESOLVER ANGLE INDICATOR 
Converts Synchro and Resolver Signals to BCD Angle 


DESCRIPTION 


The SR-103 and HSR-103 are improved 
high quality angle indicators used in 
precision synchro and resolver test 
equipment. They accept synchro or 
resolver signals at the rear Connector 
and provide BCD angle output which 
is also displayed on the front panel. 
Intended primarily for dedicated appli- 
cations, the SR-103 and HSR-103 are 
logic programmable via the rear con- 
nector and easily interfaced with com- 
puters and digital control equipment. 
An IEEE-488 bus adaptor is a standard 
option. Because they can accept a broad 
range of voltages and frequencies with- 
out programming and signal-to-refer- 
ence phase shifts of up to +50°, the 
SR-103 and HSR-103 are ideal for 
Situations in which a variety of dif- 
ferent inputs must be accommodated 
quickly. 


Using a Type II servo loop for con- 
tinuous tracking, these instruments 
have no velocity lag up to the specified 


CHANNEL 1 
SYNCHRO OR RESOLVER 
SIGNAL AND REFERENCE 


SELECTOR 
SWITCH 


CHANNEL 2 
SYNCHRO OR RESOLVER 
SIGNAL AND REFERENCE 


INHIBIT 
BANDWIDTH TTL 
BUF 
UNIPOLAR/BIPOLAR il 
LAMP TEST 
AC POWER 


FRONT PANEL 
CHANNEL 


INTERNAL 
POWER SUPPLIES 


tracking rates. There can be no hangup 
180° away from the input angle. A 
fault indicator shows when the unit is 
not tracking the input signal, and an 
ambiguity indicator shows when the 
Output data is changing. The SR-103 
and HSR-103 require no adjustments 
or calibrations and logic is TTL com- 
patible. 


APPLICATIONS 


The SR-103 and HSR-103 can be 
used wherever accurate angle inform- 
ation is required for display, control, 
testing purposes, or computation. 
Applications include production testing 
of synchros and resolvers, information 
translators in quality control systems, 
machine tool control, ship and aircraft 
Navigation systems, and antenna posi- 
tioning. The |EEE-488 adaptor option 
is convenient for interfacing these 
units with other instruments, 
for automatic test equipment (ATE) 
(see DBA-488 data sheet). 


SIGNAL AND 
REFERENCE 
ISOLATION 


CHANNEL 


1OR 2 TRANSFORMERS 


HIGH ACCURACY 
RESOLVER TO DIGITAL 
TRACKING 
CONVERTER 


FEATURES 


DOES NOT REQUIRE VOLTAGE OR 
FREQUENCY PROGRAMMING: 
Automatically adjusts to reference 
levels of 10—150V and signal levels 
of 10—100V 

Broadband 47-1000 Hz _ frequency 
range 

RESOLUTION AND ACCURACY: 
SR-103 has 001° resolution and 

+0,03° accuracy 
HSR-103 has 0.001° resolution and 
+0.005° accuracy 


TRANSFORMER ISOLATION FOR 
SIGNAL AND REFERENCE INPUTS 
TYPE Il SERVO TRACKING LOOP: 
No velocity lag and continuously 
available output for rates up to 
2 rps (720° /sec) 
LOGIC CONTROLS: 

Converter Busy, Inhibit, High/Low 
Bandwidth, Unipolar/Bipolar dis- 
play, Lamp Test 

FAULT MONITOR INDICATES FAIL- 

URE TO TRACK 

DUAL SYNCHRO/RESOLVER INPUT 
CHANNELS WITH FRONT PANEL 
SELECTOR SWITCH 
TRANSFORMER ISOLATION FROM 
LINE VOLTAGE: 
115/230V and 47—440 Hz power input 


*Patented 


-—— BCD ANGLE OUTPUT 
CONVERTER BUSY 


BITE 


t— LED ANGLE DISPLAY 
DISPLAY LED BITE INDICATOR 
CIRCUITS LED AMBIGUITY INDICATOR 


SR-103 OR HSR-103 BLOCK DIAGRAM 
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an SR-103* AND HSR-103* 


CORPORATION 
SPECIFICATIONS 


PARAMETER VALUE PARAMETER VALUE 


SR-103 HSR-103 
RESOLUTION 0.01° (5 BCD digits) 0.001° (6 BCD digits) 
ACCURACY (All Causes) +0.03° +0.005° 
REPEATABILITY Within 0.01° Within 0.002° 


ANGLE RANGE (Continuous Rotation) 
Unipolar O° to +359.99° 0° to +359.999° 
Bipolar 0° to +179.99° 0° to -179 999° 


DIGITAL INPUTS (TTL Compatibie) 
Loading 
Inhibit (INH) 


0.5 Std TTL toads max 

“Tor open = track 

“or GND = inhibits 

“or open = Lo Bandwidth (47—1000 Hz) 

“or GND = Hi Bandwidth (360-.1000 Hz) 

‘or open = unipolar operation (0° to 360°) 

‘or GND = bipolar operation (—180° to +180”) 
“or open = normal operation 

“or GND = all LED segments on 


Bandwidth Selector (BW) 


Unipolar/Bipolar Selector (U/B) 


Lamp Test 


-idid-d- 


DISPLAY 
7-Segment 0.43" LED 


5 digits 6 digits 


REFERENCE INPUT 


DIGITAL OUTPUTS (TTL Compatible) 


Input Type Transformer isolation Drive Capability 4 Std TTL loads, buffered output 

Voltage Level 10—150V rms Synchro or Resolver Angle Parallel data bits: BCD angle, positive logic 
Frequency 47-1000 Hz MSB becomes minus sign for bipolar operation 
Input Impedance 100 K$2 min SR-103 has 5 decades, 18 lines 

Breakdown Voltage 1000V min to logic ground HSR-103 has 6 decades, 22 lines 


Harmonic Content - 10% max Converter Busy (CB) 


BITE 


4 usec positive pulse, leading edge initiates Conversion 
Indicates tracking failure from any cause (including 
excessive speed or equipment malfunction). ‘‘1" = 
fault 


SIGNAL INPUTS 
Input Type 
Line-to-Line Voltage 


Synchro or Resolver, transformer isolated 
Auto-leveling, 10-—100V 

Same as reference 

-50° max, relative to reference 


Frequency 

Allowed Phase Shift 
Input Impedance 
SR-103 


FRONT PANEL CONTROLS 
CH1/CH2 
ON/OFF 


Selects input channel to be displayed 
Main power contro! 


150 K{2 min at 47 Hz 
250 K£2 min between 60 and 1000 Hz 
1 M2 min 

1000V min to !togic ground 


HSR-103 
Breakdown Voltage 


TEMPERATURE RANGES 
Operating 
Storage 


0 Cto+50 C 
-65 Cto +125 C 


DYNAMIC CHARACTERISTICS 
Tracking Rate (Full Accuracy) 
400 Hz 
50-60 Hz 
Settling Time (To Within 1 LSB) 
Lo Bandwidth (47—1000 Hz) 


SR-103 


720 /sec 72° sec 
180° ‘sec 


POWER INPUT 


1.7 sec 8 sec 


Voltage 115V or 230V rms, selected by switch on chassis 
Hi Bandwiath (360—1000 Hz)}| 06 sec Power 10 VA max 
Open Loop Transfer Fi ction Frequency 47-500 Hz 
Isolation Transformer isolated 


-S 

Pa it 
A 5 os Breakdown Voltage 1000 VDC min to logic ground 
G SS wee 
s?( +1) 


10B 


PHYSICAL CHARACTERISTICS 
Size 
Weight 


A=18,B= 10 A-13,B- 10 
A - 86. B - 46 A-42.B- 2) 


Lo Bandwidth (47— 1000 Hz) 
Hi Bandwidth (360— 1000 Hz) 


11-3/4 x 9-1/2 x 1-3/4 inch (29.8 x 24.1 x 4.45 cm) 
4 Ibs (1.8 kg) 


REAR CONNECTOR PIN ASSIGNMENTS 


AC power high Bandwidth control Spare pin 
AC power low “1”. or open = LO BW = 47-1000 Hz Lamp Test control 
Case GND “0” or GND= HI BW = 360-1000 Hz ‘1. or open = normal operation 
Digital GND (can be connected to case GND) $1 Channel’D inputs. "0" or GND = all LED segments on 
S| Channel 1 inputs. = S4 for resolver ph tanaka control 
S4 for resolver use Only. es pen unipolar operation 
rise oni. S4 . 0” or GND = bipolar operation 
Ref high t Channel 2 BITE output 
Ref high) Channel 1 Ref low ref inputs “1° = not tracking (fault) 
Ref low ref input Inhibit input “0” = normal tracking 
Converter Busy output "1" or open = track .008° 
"4’" = converter busy “0” or GND = hold (freeze) .004° { For HSR-103 
‘'Q”’ = data stable .02° .002 units only 
04° — .08° .001 
01° . 20° 
8 40° 
80° 
10° 
S-Ch1. For channel 1 synchro operation 100° 
S-Ch 2. For channel 2 synchro operation only, connect pin 34 to pin 35. | Unipolar: 200° 
only,connect pin 18 to pin 35. SS Scott-T center tap Bipolar: ‘’1"° = minus sign 
Spare pin Spare pin 
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SR-103* AND HSR-103* 
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MECHANICAL OUTLINE FOR DBA-488 OPTION 


$33¥930 
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HSR103/SR103 
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IEEE-488 DATA BUS ADAPTOR 


ILC DATA DEVICE CORPORATION 
BOHEMIA, N.Y 


The diagram on this page shows an SR-103 or HSR-103 instrument mounted together with a DBA-488 on a rack-mounting panel. 
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BO vevice SR-103* AND HSR-103* 


MECHANICAL OUTLINE FOR SR-103 AND HSR-103 ORDERING INFORMATION 


All instruments are supplied with a mating connector and an instruction 
manual. 


SR — 103 -3- DBA-488 


MATING CONNECTOR 

AMP #205211.1 

OR AMPHENOL #17-10500.1 
OR ITT CANNON #DDMA 50S 


Ds MAX. 


FUSE 1EEE-488 Data Bus Adaptor: 
BUSS GMW-1, 0.5A Blank = SR-103 or HSR-103 only 
DBA-488 = SR-103 or HSR-103 mounted together 
with a DBA-488 on a 3-1/2" high, 19” 
wide rack mounting panel, including 
cable connections 


11.75 Options: 
max Blank = SR-103 
3 = OPTION 3 (Center Rack Mount) 


Resolution and Accuracy: 
SR = .01° resolution and +.03° accuracy 
HSR = .001° resolution and +.005° accuracy 


SYNCHRO RESOLVER QCOOKUC Data OF VICE CORP 
OFF CHICH2 
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SR-203/HSR-203 


High Frequency Option | SYNCHRO AND RESOLVER ANGLE INDICATOR 


(API-30702) Available 


(contact factory) 


DESCRIPTION AND APPLICATIONS 


The SR-203 and HSR-203 are improved 
high quality angle indicators used in 
precision synchro and resolver test 
equipment. They accept synchro or 
resolver signals from a front panel input 
channel or either of two rear connector 
input channels. Output data, formatted 
to BCD angle information, is provided 
and displayed on the front panel. Both 


programming, and signal to reference 
phase shifts of + 50° (max), the 
SR-203 and HSR-203 are ideal for 
situations where a variety of inputs 
must be quickly accomodated. Using 
a type Il servo loop for continuous 
tracking, these instruments have no 
velocity lagup to the specified tracking, 
rates. There can be no hangup 180° 


cae 
ee ie ee 
ianimnniioen tO" LEG LEPILOE noupietrte 
sentiment 


models are enclosed bench-type instru- away from the input angle. A fault FEATURES 
ments, with acarry handle, which may — indicator shows when the unit is not 
be used as a tilt stand. Control func- tracking the input signal, and an @ RESOLUTION TO .001° 
tions, such as input channel select, in- ambiguity indicator shows when the : 
put type, bandwidth, unipolar/bipolar, output data is changing. The SR-203 
lamp test and inhibit, may becontrolled and HSR-203 require no adjustments 
either manually by front panel switches or calibrations and logic is TTL com- e FRONT PANEL CONTROLS 
or remotely with control logic to the patible. The SR-203 and HSR-203, in 
rear connector. A single switch multi- addition to serving as high performance ® OPTIONAL IEEE-488 1/O 
plexes control between local and re- bench instruments, can be used wher- 
mote sources and front panel and rear ever accurate angle information is 
connector input channels. An internal required for display, control, testing e@ FAULT INDICATOR 
1EEE-488 data bus interface is available purposes, or computation. Applica- 
as an option. The SR-203 and HSR-203_—stions include production testing of 
instruments differ only in their accu- synchros and resolvers, information @ PHASE SHIFT COMPENSATION 
racy and resolution. The SR-203 is translators in quality control systems, 
accurate to + 0.03°, while the HRS-203 machine tool control, ship and aircraft 
is accurate to +.005 . Resolution for navigation systems and antenna posi- a 
the devices is +0.01° and +0.001° tioning. The |EEE-488 adapter option © BROADBAND (47-1000 He) 
respectively (see Specifications). Be- is convenient for interfacing these 
cause they can accept a broad range of units with other instruments for 
voltages and frequencies, without automatic test equipment (ATE). 
‘a <r 
vente neon SWITCH LOCAL REMOTE soca. _ ISOLATON | 


SWITCHES 


MANUAL 
vy, 


CONTROL a r 
LOGIC HIGH ACCURACY 
SWITCHES LOCAL | RESOLVER TO 
* C TTL DIGITAL TRACKING OUTPUT 
| - FFER | 
| BUFFER BeineRtCn a |_| BuFFE 
MOGMEL pomp 


BCD ANGLE OUTPUT 


CONVERTER BUSY 


a BITE 


CONTROL 
LOGIC 


LED ANGLE DISPLAY 


LED AMBIGUITY 
= INDICATOR 
SYNCHRO RESOLVER i ela eat Carsaoen, etal taal Gate saat aad 5 (ala ache en emcee Reames eat aomem ees: Seca, teas eee. Sees: seed) We = 
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L CHANNEL 2 INPUT | BUS I INTERFACE | | | 
8: DATA LINES DRIVERS | CONTROLLER| | INPUT OUTPUT 
PLUS | | INTERFACE | 
8 CONTROL | | 8 BIT | 
LINES _J L J 
| | 8 BIT | 
CONTROL 
(_ 7 |‘ | [aooness | ; 
|— — — — cece 488 | CRO i} eer | 
OPTION ONLY | | | pAocessor | | : | 
| | | SWITCHES | 
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FIGURE 1. BLOCK DIAGRAM 
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2 oC SR-203/HSR-203 


CORPORATION 


SPECIFICATIONS rare ae 


RESOLUTION 0.01 (5 BCD digits) 0.001 (6 BCD digits) 


ACCURACY (all causes) | deg | +£0.03 *0.005 
REPEATABILITY | deg | Within 0.01 Within 0.002 


ANGLE RANGE (Continuous Rotation) 
0 to +359.99 0 to +359 999 


Unipolar 
Bipolar 0 to 179.99 0 to +179. 999 


DISPLAY 
7 Segment 0.43" LED 


REFERENCE INPUT 


DIGITAL INPUTS (TTL Compatibie) 
Loading 
Inhibit (INH) 


05 std TTL loads max 

“1 or open = track 

“0” or GND = inhibits 

‘1 or open = 47 to 1000 Hz (Lo Bandwidth) 
0" 

1 


Bandwidth Selector (BW) 


or GND = 360 to 1000 Hz (H: Bandwidth) 

or open = unipolar operatron (0° to 360°) 
“"or GND = bipolar operation (-180° to +180°) 
“or open = normal operation 
“or GND = al! LED segments on 
“or open = channel 2 


oe 


Unipolar/Biopolar Selector (U/B) 


Lamp Test 


5 Digits 6 Digits 


Remote Channe! Select 


9=98-9-=90 


Input Type Transformer isolation ‘or GND: channel] 
Voltage Level 10 to 150 rms Remote Synchro/Resolver Select “or open = resolver 
Frequency 47 to 1000 "or GND = synchro 
Input Impedance 100k min = 

Breakdown Voltage 1000 min to logic ground DIGITAL OUTPUTS (TTL Compatible) 


4 std TTL Joads, buffered output 
Parallel data bits. BCD angie. pesitive logic MSB 
becomes minus sign for bipolar operation SR203 has 


Orive Capability 
Synchro or Resolver Angle 


Harmonic Content +10 max 


SIGNAL INPUTS 


Input Type Synchro or resolver, transformer isolated 5 decades. 18 lines HSR203 has 6 decades, 22 lines 
Line-to Line Voltage Auto-leveling, 10 to 100 
Frequency Same as Reference Converter Busy 4 usec positive pulse. leading edge initiates conversion 


indicates tracking failure from any cause (including 
excessive speed or equipment malfunction) ‘1°° = fault 


Allowed Phase Shift +50 max, relative to reference 
Input Impedance 


SR 203 


FRONT PANEL FUNCTIONS 
Local Remote Select 
On/Off 

Lamp Test 


150k min at 47 Hz 

250k min between 60 and 1000 Hz 
1M min 

1000 min to logic ground 


Select input panel from front panel or rear connector 
Main power contro! 
ALL LED segments on 


HSR-203 
Breakdown Voltage 


Inhibit Inhibits converter tracking 


Synchro/Resolver Synchro or Resolver select 
DYNAMIC CHARACTERISTICS SR-203 HSR-203 Bandwidth Selacr between Fil and LO band Controls applicable 
Tracking Rate (Full Accuracy) TRACKING SLEW anaiins for local mode. (front 
50 60 H ied . oe Readout Selects between unipolar and Panel inputs) only 
to z deg/sec 18 180 max Seale fanau ane aie 


Setttling Time (To Within 1 LSB) 
Lo Bandwidth (47 to 1000 Hz) 
Hi Bandwidth (360 to 1000 Hz) 


FRONT PANEL INPUTS TERMINALS 
Loca! Signal Inputs 


Open Loop Transfer Function $1 Synchro: Resolver 
S2 Synchro: Resolver 
$3 Synchro/Resolver 


S4 Resolver only 


Local Reference Inputs 


G= - RH Reference HIGH 
; S . RL Reference LOW 
s ( 108 , ' + OIG GND and CASE Digital and case ground respectively 


POWER INPUT 
Voltage 


115/230; selectable via two internal switches 
(set for 115V unless otherwise specified). 


Lo Bandwidth (47 to 1000 Hz) 
Hi Bandwidth (360 to 1000 Hz) 


A- 188-10 
A = 86.8 : 46 


> 13.B= 10 


>> 


20 max 
47 - 500 
Transformer 


Power 
Frequency 
Isolation 
Breakdown Voltage 
(To Logic Gnd) 


TEMPERATURE RANGES 
Operating 
Storage 


PHYSICAL CHARACTERISTICS 
Size 
Weight 


1000 
DIGITAL INPUTS (TTL Compatible) 
Loading 
Inhibit (INH) 


0.5 std TTL loads max 
“1” or open= track 
“0” or GND = inhibits 
“1" or open= 47 to 1000 Hz (Lo Bandwidth) 
“O" or GND = 360 to 1000 Hz (Hi Bandwidth) 


Oto +55 
-55 to +125 


Bandwidth Selector (BW) 14.5 x 6.125 x 3.5 (368 x 201 x 89 mm) 


11.0 (4.9 Kg) 


REAR CONNECTOR 


PIN CONNECTION TABLE 


Ton | FUNCTION ra FUNCTION ere FUNCTION 
$1 38 


Spare Pin 21 


Unipolar/Bipolar Input*® 
Spare Pin $2 Channel 2 inputs 1 = unipolar 
Case GND $3 (S4 for Resolver use only) O = bipolar 


t Remote Mode 


1 
2 
3 
4 Digital GND (may be connected to case GND) $4 39 Bandwidth Input® 
5 REF HI f 40 BITE Output 
6 Remote Channel 1 inputs REF LO Channel’2 Ref Input 1 = Not Tracking (fault) 
7 (S-4 for Resolver use only Inhibit Input® 0 = Normal Tracking 
8 1 = Track 41 008° 
"0 = Inhibit 42 .004° 
: ala mv } Channel 1 Ref input 43 ‘002° 
1 Converter Busy Output ; 44 001° 
1 = Data Stable : 45 20° 
0 = Converter Busy 46 40° 
04° 47 80 
01° 48 10° 
8° Reset Input (TTL logic) 49 100° 
1 = Normal Operation 50 Unipolar = 200° 
O = Reset } IEEE Interface Bipolar = 1 = minus sign (-) 


Unipolar/Bipolar Output 
Spare Pin 1 = Unipolar \ 
Lamp Test Input® O = Bipolar Remote Mode 
1 = Normal Operation Local/Remote Output 
O = Lamp Test (Remote Mode) 1 = Local Mode . 
Channel 1/Channel 2 Inputs* O = Remote Mode 
1 = Channel} 2 Synchro/Resolver Input® 
0 = Channel 1 1 = Resolver 
0 = Synchro 


The User must supply digital input signals 

for standard (Non-!-EEE-488) units. For units 
inciuding the |EEE-488 interface option, these pins 

' Remote Mode must not have external connections. 
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SR-203/HSR-203 


TECHNICAL INFORMATION 


Both SR-203 and HSR-203 instruments 
are available with an IEEE-488 Data Bus 
Interface circuit built in (see Figure 1). 
This option must be specified when the 
instruments are ordered. Add ‘’-488” to 
the part number as shown in ORDERING 
INFORMATION. 


The IEEE-488 option provides the 
capability to process signals received from 
or transmitted to a parallel data bus as 
described in the IEEE-488 Data Bus 
Standard of 1975. When programmed to 
operate with the ‘488’ Data Bus Con- 
troller, the SR/HSR-203-488 will perform 
the command sequences shown in Figures 
2 and 3. 


In the talk routine (Figure 2), the instru- 
ment transmits a sign byte (+, — or E for 
error) followed by 5 (for SR-203) or 6 
(HSR-203) BCD ASCII data bytes, fol- 
lowed by CR (carriage return), followed 
by LF (line feed), with EO! (End or 
Identify), when interrogated by the con- 
troller. 


Figure 4 indicates the possible ASCII con- 
trol words that would be transmitted 
from a controller to the instrument as 
shown in the listen routine (Figure 3). 


Controller sets ATN (ATTENTION) line 
to true. 


Controller transmits instrument talk address 
on the data lines 


Controller returns ATN line to false 


Instrument transmits ASCII encoded BCD 
data (first byte is +, —, or E for error) on 
the data lines. 


Instrument signals end of transmission by 

CARRIAGE transmitting CARRIAGE RETURN, fol- 
RETURN; lowed by simulatenously setting EO! (END 
EOI and OR IDENTIFY) line to true and trans- 

LINE FEED mitting LINE FEED on the data lines. 


Controller sets ATN line to true. 


Controller transmits an UNT (UNTALK) 
command on the data lines. 


Controller returns ATN line to false. 


FIGURE 2. COMMAND SEQUENCE 
FOR TALKING 


Controlier sets ATN (attention) 
line to true 


Controller transmits instrument listen 
address (MLA) on data lines 


Controller returns ATN line to false 


Instrument sets flag | 
if in local mode 


SERIES 
POLL 
ENABLE 


CONTROL 
wORD 
TRANSMITTED 


Contrailer (or other device) 


Instrument sets flag 2 1f EO! 
(End or identify) was 
transmitted along with the 
control word 


cr 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
'f control word 1s CR | 
(Carriage Return) or CR | 
followed by LF (Line 
feed), instrument ack | 
nowledges end of controller 
panarnisn | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
a 


if transmitted command is 
valid, it isexecuted. If 
lransmitted command 

is valid, flag 3 1s set 


If EO! was transmitted with 
control word (flag 2 was set). SERIES 
instrument acknowledges end POLL 
of controller transmission. It 
Not, instrument will await 


additional contro! words 


In case of a fault condition 
(illegal command and/or 

‘nstrument in local mode) 
SRO (Service Request) is 
set lo true and the status 
byte 1s set accordingly 


Set SRQ to TRUE 
Set STATUS BYTE to 
A if Flag 3 Set 
B if Flag 1 Set 
Cif Flag 1 & 3 Set 


Controller sets attention line to true 


Controller transmits UNL (Uniisten) 
command on the data lines 


Controller returns ATN line to false 


OISABLE 


When the controller acknowledges the 
service request, it transmits the 
instrument's talk address (MTA) 
followed by series poll enable 


After attention line goes to false. 

the instrument then sets SRQ to false 
and transmits the STATUS BYTE 

on the data lines 


The STATUS BYTE informs the 
controller of the reason for the 
sQR 


The controller then sets attention 
to true and transmits SERIES POLL 
DISABLE and UNT (untalk) In 
addition, the instrument's STATUS 
BYTE is reset to 0 


The controller then sets ATN 
(Attention) to false 


FIGURE 3. COMMAND SEQUENCE FOR LISTENING 


COMMAND FUNCTIONS FOR IEEE-488 OPTION 


. [EEE-488 Interface will accept all input commands, 2. The SR—203 is controlled exclusively by front 


regardless of input mode selected (local or remote). 
When the instrument is switched to Remote mode, 
the last commands received will take effect. 


panel switching when local mode is selected. 
Lamp test switch will illuminate all LED segments 
regardless of input mode. 


CONTROL WORD 
(ASCI1) FUNCTION 


Preset to: Channel 1 
Synchro input 
P (Preset) No inhibit 
No lamp test 
High bandwidth 
Unipolar Output 


S (Synchra) Sets Synchro or Resolver input mode 

R (Resolver) 

1 (Channel 1) Selects between remote Input channels 1 
2 (Channel 2) and 2 on rear connector 

Bt Atsigh) Select high or low bandwidth 

L (Low) 

U (Unipolar) Selects unipolar or bipolar readout and 
B (Bipolar) Output 

| (Inhibit) Inhibits the converter or allows it to 

F (Follow) follow (track) the input 

T (Test) 

D (Data) Tests lamps (T) or display data (D) 


FIGURE 4. CONTROL CODE FUNCTIONS 


G-41 


2. ae SR-203/HSR-203 


CORPORATION 


POWER CONNECTOR EAC 301 SWITCHCRAFT 


SYNCHRO/RESOLVER ANGLE INDICATOR HSR-203 
Amphenol Connector 17-20500-1 
Buss Fuse 2AGMW-1 Mating Connector 17-10500-1 


O0'1G GNO Re 


O00 


CASE 


Ss! sj Sa 
© O O O LAME! ETE ANCL, BANG AOR SELECT 
TEST widTy 
MSB LSB 


SERIAL NO 


Power Connector EAC 301 Switchcraft 
Line Cord Belden 17250 


ORDERING INFORMATION 


SR — 203 —1— DBA-488 


IEEE-488 Option: 
488 = Built-in |EEE-488 Interface 


Configuration Options: 
Blank = SR-203 
1 = Standard option 1 carryhandle 
2 = Option 2 half-rack mount 
3 = Option 3 center mount on 19” panel 


Accuracy (worst case, all causes) 
SR = + 0.03° 
HSR = + 0.005° 


High Frequency Option 
(API-30702) Available 
(contact factory) 


All instruments are supplied with a mating connector, a detachable 
line cord and instruction manual. 


D OPTION 3 Center Mount 19” Panel 


SECTION H 
SYNCHRO AND RESOLVER CARDS 


_ PRODUCT SUMMARY TABLE 
| move. | ResowuTion | accuracy | packace |  ————DESCRIPTIONFEATURES =| PAGE. 


SEE SYNCHRO AND RESOLVER INSTRUMENTS FOR THE API-36005. 


information needed to control the D/S-R converters is presented to the 
SDC-36020 through memory mapped I/O space. Two bytes of angular 
information (16 bits) are required for each converter for a total of 12 
bytes of data if all 6 channels of converters are installed on the 
DSC-36020. Has demo software. 


Full Size 1 TO 6 CHANNEL D/S-R CONVERTER CARD. Uses either the 
IBM PC ® Card | DSC-644 or DSC-544 series of high-power modular converters. Similar, 
in operation, as the DSC-36020. Has demo software. 


SEE SYNCHRO AND RESOLVER INSTRUMENTS FOR THE IAC-37001. 


10,12, 14, 4.5 x 13.5 x 0.44") R/D-S/D CONVERTER CARD. Full size IBM card for 1 to 6 channel of 

or 16 Bits Resolver or Synchro to Digital conversion. It uses either the RDC-19200 
Series (for resolver inputs) or SDC-14560 (for synchro inputs) hybrid 
converters. 


__ SEES SYNCHRO AND RESOLVER INSTRUMENTS FOR THE SIM- “36010. 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
® IBM PC is a registered trademark of International Business Machines. 
New Product 
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DSC-36020 


IBM PC® COMPATIBLE 
6 CHANNEL D/R-D/S CONVERTER CARD 


DESCRIPTION 


The DSC-36020 is a versatile, full size 
IBM PC card designed for 1 to6 channels 
of Digital-to-Synchro/Resolver conver- 
sion. The DSC-36020 uses either the 
DSC-11520 series hybrid converters for 
low power applications or the DSC- 
11524 series converters if higher drive 
capability is required. 


Specific information concerning the 
hybrid converters can be obtained direct- 
ly from the associated converter’s data 
sheet. The DSC-36020 circuit card as- 
sembly is the interface to mount (plug-in) 
the hybrid converter components. 


All binary angular information needed to 
control the Digital-to-Synchro/Resolver 
converters is presented to the DSC- 
36020 through switch selectable I/O ad- 
dress space. Two bytes of angular 


information (16 bits) are required for 
each converter for a total of 12 bytes of 
data if all 6 channels of converters are 
installed on the DSC-36020. Demonstra- 
tion software displaying the capabilities 
of the DSC-36020 is available upon re- 
quest. 


APPLICATIONS 


The multichannel DSC-36020 is 
designed for use in test systems, high- 
performance simulation systems, and 
control systems. With the various hybrid 
converter selections available for drive 
and accuracy a mixture of converters can 
be used to accommodate many applica- 
tions including motor control, antenna 
positioning, CNC machine tooling, robot 
axis control, and process control. 


FEATURES 


® 1 to 6 Channels 


Generates Synchro or Resolver 
Output Signals 


No External Power Supply 
Required 


Accuracy to+1 Minute of Arc 


DR/SC MODULE #1 R/S OUT #1 
REF #1 
DR/SC MODULE #2 R/S OUT #2 
REF #2 
DR/SC MODULE #3 R/S OUT #3 
REF #3 
DR/SC MODULE #4 R/S OUT #4 
INTERFACE EE eg 
CIRCUIT 
CQ DR/SC MODULE #5 R/S OUT #5 
BACKPLANE REF #5 
DR/SC MODULE #6 R/S OUT #6 
REF #6 


FIGURE 1. DSC-36020 BLOCK DIAGRAM 
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TABLE 1. DSC-36020 SPECIFICATIONS 
HARDWARE REQUIREMENTS 


IBM PC/XT/AT or compatible. 
PARAMETER | UNITS | VALUE 


POWER SUPPLY (+5V) 
Current Drain 

m Without Any Hybrids 

w With One (1) DSC-11520 Hybrid 

w With Six (6) DSC-11520 Hybrids 

w With One (1) DSC-11524 Hybrid 

@ With Six (6) DSC-11524 Hybrids 


TEMPERATURE RANGE 
Storage °C | -25 to +85 
PHYSICAL CHARACTERISTICS 
Size (Full size IBM PC card) 3.9 x 13.3 x 0.44 
9.9 x 33.8 x 1.1 


Note: Specifications for the DSC-11520 and DSC-11524 Series are 
detailed in the individual data sheets. 


INTRODUCTION 


The DSC-36020 is a full size IBM PC card which generates 
up to six channels of sine/cosine, synchro, or resolver signals. 
The output signal configuration is jumper programmable and can 
be set for sine/cosine information, three wire synchro informa- 
tion, or 4 wire resolver information. 


The Digital Angular information is presented to each con- 
verter on the DSC-36020 in 2 bytes (Most Significant Byte and 
Least Significant Byte) of binary information. This data is then 
transparently latched into the Hybrid converters through double 
buffered latches thereby presenting the 16 bits of angular data to 
the selected converter simultaneously. Figure 1 illustrates the 
DSC-36020 Block Diagram. 


CONVERTER INFORMATION 


Two types of converters can be used. The DSC-11520 are low 
power types that can drive 11.8V synchro or 6.8V resolver loads 
up to 2 mA. For higher drive applications, the DSC-11524 series 
can be used. These will drive 11.8V synchro or resolver loads up 
to 15 mA. For more detailed converter information consult the 
individual product data sheets. The DSC-36020 is supplied 
without the converter(s). The converter(s) are ordered separately 
and are easily installed into sockets on the DSC-36020. 


DSC-36020 


REGISTER ADDRESSING 


The DSC-36020 is I/O addressed in typical I/O Base Address 
and Offset fashion. As the DSC-36020 can accommodate six 
channels of hybrid converters, the memory map for the DSC- 
36020 appears as 12 contiguous bytes of I/O address space. 


Decoding these 12 bytes requires using 4 LSBs of the I/O 
address. The remaining six address lines are used for setting the 
I/O Base Address through a DIP switch located on the DSC- 
36020. The I/O Base Address of the DSC-36020 is preset at the 
factory to address 300h (HEX). In this configuration the DSC- 
36020 occupies the I/O address space of 300h-30Bh. Locations 
30Ch-30Fh will select the DSC-36020, however no registers are 
provided at these locations. Table 2 lists the DSC-36020’s I/O 
Offset Address Map. 


8 LSBs of Channel 
8 MSBs of Channel 
8 LSBs of Channel 
8 MSBs of Channel 
8 LSBs of Channel 
8 MSBs of Channel 
8 LSBs of Channel 
8 MSBs of Channel 
8 LSBs of Channel 
8 MSBs of Channel 
8 LSBs of Channel 
8 MSBs of Channel 
Not Used 

Not Used 

Not Used 

Not Used 


© 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


=— t= -—=-~ «= OF O90 J0 = = — = CO OO O 


I/O BASE ADDRESS DIP SWITCH 


The I/O Base Address of the DSC-36020 is preset at the 
factory to 300h as shown in Table 3. There are no Readable 
registers located on the DSC-36020 so any I/O Read operation 
performed on the DSC-36020 will most likely return FFh. The 
I/O Base Address can be changed to any address from 000h to 
3FO0h, in increments of 10h, using Table 3 as a reference. 


H-3 


DJo|c 


ILC DATA DEVICE 
CORPORATION 


TABLE 3. VO BASE ADDRESS SETTINGS 


| ADDRESS | SWITCH | OFF (OPEN)| ON | PRESET HEX VALUE | 
AS SW5 D4 
A8 SW6 X 
A7 SW7 X 
A6 SWw8 X 
AS Sws9 xX 
A4 SW10 xX 
A3 AO, A1, A2, and A3 
A2 2) gq are not switch selec- 
Al table 
AO 


BINARY ANGULAR DATA 


The Most Significant Bit of the Most Significant Byte repre- 
sents the Binary Angular value of 180°. The second Most 
Significant Bit of the same Byte represents the angular value of 
90°, and the third represents 45° etc, down to the Least Sig- 
nificant Bit of this Byte which represents 1.406° (rounded to 
3 decimal places). 


The Most Significant Bit of the Least Significant Byte repre- 
sents 0.703° (rounded to 3 decimal places) and following suit the 
Least Significant Bit has the weight of 0.00S° (rounded to 3 
decimal places). 


Algorithms to convert Decimal angular data into Binary an- 
gular data consist of testing the magnitude of the Decimal value 
against the Binary values to see which Binary values can be 
added together in order to come closest to the Decimal value. 
This test generally starts with the most significant Binary bit 
weight of 180° and determines if it is more or less than the 
Decimal value. If the Decimal is larger than 180° then obviously 
this Binary bit is part of the final Binary value, if the Decimal 
value is less than 180° then this Bit is not part of the final Binary 
value. This same test is now performed using the second Binary 
‘Bit (90°) and so on down to the LSB of 0.005°. 


For example to convert 135.703° to a Binary value, the fol- 
lowing steps are taken: 


1. The Most Significant Binary bit is 180° and is obviously too 
large to be contained in the final Binary value so it is set to logic 0. 


m2. The Second Binary Bit has the value of 90° which is smalier 
than the Decimal value of 135.703°. It is obviously part of the 
final Binary value so it is set to logic 1 and 90° is subtracted from 
the Decimal value leaving 45.703°. 


DSC-36020 


=3. The Third Binary bit has the value of 45° which again is 
smaller than the Decimal remainder of 45.703. It obviously is part 
of the final Binary value so it is set to logic 1 and 45° is subtracted 
from the Decimal remainder leaving 0.703°. 


m4. The Forth Binary Bit has a value of 22.5° which is too big to fit. 
It is set of logic 0 and the testing continues using the Decimal 
value of 0.703. So far we have tested the 4 MSBs of the Binary 
values and the Binary solution at this point is "O 1 1 0" with 12 
more Binary Bits to test. 


#5. The 5th, 6th, 7th, and 8th Binary bits are all too large and are 
therefore set to logic 0. The Binary value at this point is "0 1100 
0 0 0" with 8 more Binary Bits to test. 


6. The Binary Bit weight of the 9th bit is 0.703° and it fits exactly 
into the Decimal value of 0.703. The Binary Bit is therefore set to 
logic 1 and the Binary answer at this point is "0 1100000 1". 
The Binary value of 0.703 is subtracted from the Decimal Value 
and the remainder is 0. 


#7. As the Decimal remainder is now 0 obviously none of the 
remaining Binary Bits will Fit into the Decimal value so they can all 
be set to logic 0. The final Binary answer is therefore 
70110000010000000" 


#8. The Most Significant Byte of the Binary angle contains the 
value "0 1 100000" and the Least Significant Byte contains the 
Binary value "10000000". 


IMPORTANT - When the Binary Angular Data is loaded into 
any channel of the DSC-36020 it MUST be loaded into the 
registers Least Significant Byte first followed by the Most Sig- 
nificant Byte. If this sequence is not followed the double buf- 
fering circuitry for the associated converter will not function 
properly and the generated angle will be incorrect (the new MSB 
data will be used with the previous LSB data, and the new LSB 
data will be put into temporary storage to be used for the next 


update). 


CONFIGURATION JUMPERS 


Each hybrid converter has 3 jumper strips associated with it 
which are identified as A, B, and C. A and B jumper strips are 
used to set the output signal format; C jumper strip is used for 
the reference input circuitry. As the DSC-36020 assembly is 
shipped from the factory these jumpers are preset to accepta 26V 
ac reference signal, and to generate 11.8 Vi-L synchro output 
format. 
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REFERENCE CONFIGURATION JUMPERS 


As the DSC-36020 leaves the factory the initial reference 
jumpers are preset to accept a 26V ac reference signal. If a 
reference signal other than 26V ac is to be used for any channel 
the initial jumper settings may have to be changed. In addition 
external resistors may have to be added to reduce the voltage 
level applied to the hybrid converter. If this feature is to be 
utilized the detailed data sheet for the associated hybrid con- 
verter should be consulted to ascertain the required configura- 
tion. 


Jumper block C is initially configured with jumpers from 1-2 
and 4-5. In this configuration the RH and RL signals on the I/O 
connector are connected to the RH and RL pins on the hybrid 
converter (refer to the detailed hybrid converter data sheet). If 
the RH’ and RL’ Reference inputs on the hybrid converter are 
to be utilized these jumpers will have to be moved to jumper 2-3 
and 5-6. External resistors may also be required in this con- 
figuration (refer to the detailed hybrid converter data sheet). 


OUTPUT SIGNAL CONFIGURATION JUMPERS 


Each channel can be separately configured to provide 
sine/cosine, synchro, or resolver output signal format. As the 
DSC-36020 leaves the factory the output signal jumper con- 
figuration is preset for 11.8 VL-L synchro output format through 
the associated Jumper blocks A and B. Table 4 lists the jumper 
settings for all of the various output formats. 


H11.8ViLSynchro(defauit) | 1-2 | t-2and4-5 
2-3 


6.8V Sine/Cosine ae ae ee 


* The DSC-11520 Series does not support this mode. 


COMPUTER INTERFACE CONNECTOR 


The DSC-36020 conforms to standard PC BUS specifications. 
The pin number and function of the computer interface signals 
are listed in Table 5. 


DSC-36020 


TABLE 5. DSC-36020 COMPUTER INTERFACE PIN FUNCTIONS 
| PIN NO. | FUNCTION, 


SIGNAL NAME 


/O CHECK NOT USED 
DATA BIT 7 
DATA BIT 6 
DATA BIT 5 
DATA BIT 4 
DATA BIT 3 
DATA BIT 2 
DATA BIT 1 
DATA BIT 0 
NOT USED 
ADDRESS ENABLE 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
ADDRESS BIT 9 
ADDRESS BIT 8 
ADDRESS BIT 7 
ADDRESS BIT 6 
ADDRESS BIT 5 
ADDRESS BIT 4 
ADDRESS BIT 3 
ADDRESS BIT 2 
ADDRESS BIT 1 
ADDRESS BIT 0 
GROUND 

NOT USED 
POWER SUPPLY 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
GROUND 

NOT USED 
NOT USED 

/O WRITE 

/(O READ 

NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
POWER SUPPLY 
NOT USED 
GROUND 
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SIGNAL I/O CONNECTOR 
The converter I/O signals are brought off the DSC-36020 


through a 37 pin D type connector with male pins. The signal 
connections are listed in Table 6. 


7 6. VO CONNECTOR PIN FUNCTIONS 


(COS) 
$3 (SIN) 


*Note: In addition to these signals, the circuit ground connection is 
brought out on pin 1. 


DSC-36020 


TIMING REQUIREMENTS 


Data to the DSC-36020 is sent by the computer using standard 
l/O Write cycles (there are no readable registers). All of the 
interface logic utilizes high-speed components allowing the 
DSC-36020 to be addressable in zero wait state time cycles, 
however the following precautions must be taken. 


If a step input is given to a converter, allow at least 20 us for 
the output signals to stabilize. 


The binary data value for the output angle must be loaded 
Least Significant Byte first (the 8 LSBs of the angle) followed 
by the Most Significant Byte (the 8 MSBs of the angle), or the 
double buffering scheme will not function properly causing and 
incorrect angle to be generated. 


ccaggoeeanmecinosyaommecnpoguale 


Poca eis 


Go 
eo 


NOTES: 


THE “*" DESIGNATED PIN 1 LOCATION. 
DIMENSIONS ARE IN INCHES (CENTIMETERS). 


NOON 


(8.1) (0.76) 


FIGURE 2. DSC-36020 MECHANICAL OUTLINE 


an DSC-36020 


CORPORATION 


ORDERING INFORMATION 
CARD ASSEMBLY: 


DSC-36020 


CONVERTERS: 
DSC-11520 
DSC-11524 
Notes: 
1. The DSC-36020 is a standard, full-size IBM PC/XT/AT card (3.9 x 13.3 x 0.44 inches). 


2. Converters are ordered separately as listed above and installed by the user. 
Sockets are included on the DSC-36020. 


3. Mating connectors are supplied with the DSC-36020. The connectors are part of 
Positronic’s MD 37F 20Y00 kit. 


Positronic’s address is 423 N. Cambell Ave., Springfield, Missouri 65801 
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DESCRIPTION 


The DSC-36022 is a versatile, full size 
IBM card designed to provide one 
to four channels of Digital-to- 
Syncrho/Resolver conversion. The card 
is equiped with sockets and can ac- 
comodate either the DSC-544 or DSC- 
644 Series converter modules (or both) in 
any socket position. The DSC-544 Series 
can provide up to 4.5 VA of 90V synchro 
output, and the DSC-644 can provide 
1.5VA of synchro or resolver, 90V or 
11.8V. 


The DSC-36022 circuit card assembly 
provides the interface to mount(plug-in) 
the modules. 


All binary angular information needed to 
control the Digital-to-Synchro/Resolver 
converter is presented to the DSC-36022 


ADDRESS 
SELECTOR 
SWITCHES 
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IBM PC® COMPATIBLE 


4 CHANNEL D/R-D/S CONVERTER CARD 


card through switch selectable I/O ad- 
dress space. 


Demonstration software which il- 
lustrates the DSC-36022’s capabilities, 
is available upon request. 


APPLICATIONS 


The multichannel DSC-36022 is 
designed for use in test systems, high- 
performance simulation systems, and 
control systems. With the two types of 
drive capability available, a mix of con- 
verters can be utilized to accommodate 
many applications including antenna 
positioning, process control, automated 
test systems, and simulation systems. 


FEATURES 
® Accuracy to+4 Minutes of Arc 
® +0.1% Scale Factor Variation 


® Generates Synchro or Resolver 
Output Signals 


® 1 to 4 Channels of Converters 
per Card 


© 1.5 VA or 4.5 VA Output Drive 
Capability 


e Transparent Double Buffered 
Latches for Data Input 


PANEL 
vO 
CONNECTOR 


SG = Signal Generation 


FIGURE 1. DSC-36022 BLOCK DIAGRAM 
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TABLE 1. DSC-36022 SPECIFICATIONS 
HARDWARE REQUIREMENTS 
IBM PC/XT/AT or compatible. 


PARAMETER VALUE 


| UNITS | 
POWER SUPPLY (+5V) 
Current Drain 

@ Without Any Converters mA | 350 max 

@ With One (1) DSC-544 Module mA _ | 370 max 
mA 
mA 
mA 


@ With Four (4) DSC-544 Modules 430 max 
@ With One (1) DSC-644 Module 355 max 


L 370 max 


With Four (4) DSC 
TEMPERATURE RANGE 
Operating "c 0 to +50 
Storage | °C | -25 to +85 


PHYSICAL CHARACTERISTICS 
Size (Full size IBM PC card) 3.9 x 13.3 x [note 2] 
9.9 x 33.8 x [note 2 


Notes: 

1. Specifications for the DSC-544 and DSC-644 Series are detailed in 
the individual data sheets. The user must supply reference voltage. 
The DSC-644 also requires +15Vdc. 

2. Component height: 

with DSC-644 modules installed, 0.565"(14.4mm) max; 
with DSC-544 modules installed, 0.865"(22mm) max. 

3. Cut modules leads to 0.195"(4.95mm 


INTRODUCTION 


The DSC-36022 is a full size IBM PC card which generates 
up to four channels of Synchro or Resolver output signals. For 
applications requiring up to 1.5 VA of drive capability the 
DSC-644 Series of converter modules can be used. They are 
available with 90VL-L Synchro and 11.8VL-t Synchro or Resol- 
ver Outputs (for operation down to 47 Hz, a transformer external 
to the DSC-36022 is required). These modules require external 
+15Vdc power supplies which are connected to the DSC-36022 
by a 37 pin I/O connector. 


For higher drive, 90VL-L 400 Hz Synchro applications, the 
DSC-544 can be used. The DSC-544 can supply up to 4.5 VA 
of drive; a 90VL-_ 60 Hz version can supply up to 1.5 VA of 
drive. Both models of the DSC-544 are powered by the Refer- 
ence input signal. Both the DSC-644 and DSC-544 family of 
converter modules provide complete transformer isolation for 
the Reference input and the Synchro/Resolver output signals. 


The Digital Angular information is presented to each con- 
verter on the DSC-36022 card in two bytes (Most Significant 
Byte and Least Significant Byte) of binary information. This 
data is transparently latched into the converters through double 
buffered latches thereby presenting the 14 bits of angular data to 
the selected converter simultaneously. 


DSC-36022 


Two bytes of angular information are required for each con- 
verter for a total of 8 bytes of data if all 4 channels of converters 
are installed on the DSC-36022. Figure 1 illustrates the DSC- 
36022 Block Diagram. 


REGISTER ADDRESSING 


The DSC-36022 is I/O addressed ina typical I/O Base Address 
and Offset manner. As the DSC-36022 can accommodate up to 
four channels of converter modules, its memory map appears as 
8 contiguous bytes of I/O address space. 


Decoding these 8 bytes (plus a few spare bytes for expansion) 
requires the use of the 4 LSBs of the I/O address. The next 6 
address lines are used for setting the I/O Base Address through 
a DIP switch located on the DSC-36022. 


The I/O Base Address of the DSC-36022 is preset at the 
factory to HEX address 300. In this configuration the DSC- 
36022 will occupy the I/O address space of 300h through 307h. 
The I/O Base Address can be set to any address from 000h to 
3FO0h in increments of 10h (described in I/O BASE ADDRESS 
DIP SWITCH paragraph). There are no Readable registers lo- 
cated on the DSC-36022 so any I/O Read operation performed 
on the card will most likely return FFh. Table 2 lists the I/O 
Offset Address Map of the DSC-36022. 


| __ TABLE 2. DSC-36022 VO OFFSETADDRESSMAP_ 
V/O Write 
6 LSBs of Channel 1* 
8 MSBs of Channel 1 
6 LSBs of Channel 2* 
8 MSBs of Channel 2 
6 LSBs of Channel 3° 
8 MSBs of Channel 3 
6 LSBs of Channel 4* 
8 MSBs of Channel 4 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
*The Digital to Synchro/Resolver converters used on the 
DSC-36022 are 14 bit converters. The two least significant bits 
of each Least Significant Byte are not used. 
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0 
0 
0 
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0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
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VO BASE ADDRESS DIP SWITCH 


The I/O Base Address of the DSC-36022 is preset at the 
factory to HEX 300. The I/O Base Address can be changed to 
any address from 000h to 3FO0h in increments of 10h using Table 
3 as a reference. 


TABLE 3. VO BASE ADDRESS SETTINGS 


ADDRESS | SWITCH | OFF (OPEN) | ON | PRESET HEX VALUE 
x 
oe | 
AO-A3 are not switch 
selectable. 


BINARY ANGULAR DATA 


AQ 
A8 
A7 
A6 
AS 
Ad 
A3 
A2 
Al 
AO 


The Most Significant Bit of the Most Significant Byte repre- 
sents the Binary Angular value of 180° The second Most 
Significant Bit of the same byte represents the angular value of 
90°, and the third represents 45° etc., down to the Least Sig- 
nificant Bit of this byte which represents 1.406° (rounded to 3 
decimal places). 


The Most Significant Bit of the Least Significant Byte repre- 
sents 0.703° (rounded to 3 decimal places); following suit the 
Least Significant Bit, if using a 16 bit converter, would have the 
weight of 0.00S° (rounded to 3 decimal places). 


Algorithms to convert Decimal angular data into Binary an- 
gular data consist of testing the magnitude of the Decimal value 
against the Binary values to see which Binary values can be 
added together in order to come closest to the Decimal value. 
This test generally starts with the most significant Binary bit 
weight of 180° and determines if it is more or less than the 
Decimal value. If the Decimal is larger than 180° then obviously 
this Binary bit is part of the final Binary value, if the Decimal 
value is less than 180° then this Bit is not part of the final Binary 
value. This same test is now performed using the second Binary 
Bit (90°) and so on down to the LSB of 0.005°. 


For example to convert 135.703° to a Binary value, the fol- 
lowing steps are taken: 


w1. The Most Significant Binary bit is 180° and is obviously too 
large to be contained in the final Binary value so it is set to logic 0. 
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@ 2. The Second Binary Bit has the value of 90° which is smaller 
than the Decimal value of 135.703°. It is part of the final Binary 
value so it is set to logic 1 and 90° is subtracted from the Decimal 
value leaving 45.703°. 


&3. The Third Binary bit has the value of 45° which again is 
smaller than the Decimal remainder of 45.703. It is part of the 
final Binary value so it is set to logic 1 and 45° is subtracted from 
the Decimal remainder leaving 0.703°. 


m4. The Forth Binary Bit has a value of 22.5° which is too big to fit. 
It is set of logic 0 and the testing continues using the Decimal 
value of 0.703. So far we have tested the 4 MSBs of the Binary 
values and the Binary solution at this point is "0 1 1 0" with 12 
more Binary Bits to test. 


m5. The 5th, 6th, 7th, and 8th Binary bits are all too large and are 
therefore set to logic 0. The Binary value at this point is "0 1100 
0 0 0" with 8 more Binary Bits to test. 


w6. The Binary Bit weight of the 9th bit is 0.703° and it fits exactly 
into the Decimal value of 0.703. The Binary Bit is therefore set to 
logic 1 and the Binary answer at this point is "0 11000001". 
The Binary value of 0.703 is subtracted from the Decimal Value 
and the remainder is 0. 


m7. As the Decimal remainder is now 0 obviously none of the 
remaining Binary Bits will Fit into the Decimal value so they can all 
be set to logic 0. The final Binary answer is therefore 
70110000010000000" 


m8. The Most Significant Byte of the Binary angle contains the 
value "0 1 100000" and the Least Significant Byte contains the 
Binary value "10000000". 


IMPORTANT - When the Binary Angular Data is loaded into 
any channel of the DSC-36022 it MUST be loaded into the 
registers Least Significant Byte first followed by the Most Sig- 
nificant Byte. If this sequence is not followed the double buf- 
fering circuitry for the associated converter will not function 
properly; the generated angle will be incorrect (the new MSB 
data will be used with the previous LSB data, and the new LSB 
data will be put into temporary storage to be used for the next 


update). 

The Digital to Synchro/Resolver converters used on the DSC- 
36022 are 14 bit converters. The two least significant bits of 
each Least Significant Byte are not used. 
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COMPUTER INTERFACE CONNECTOR 


The DSC-36022 follows IBM guidelines for bus interfacing. 
The pin number and function of the computer interface signals 
are listed in Table 4. 


SIGNAL /O CONNECTOR 


The converter I/O signals are brought off the DSC-36022 
through a 37 pin, D type connector. These signals are listed in 
Table 5. 


TABLE 5. /O CONNECTOR 7 PIN FUNCTIONS 


S1 

S2 
S3 
S4 
RH 


RL 
1 +15V INPUT 
-15V INPUT 
GROUND | 
Note: Extemal + 15V power supplies are NOT RE- 
QUIRED if only the DSC-544 series of converter 
modules are mounted on the DSC-36022 circuit card 
assembly. These converters are powered from the 

| Reference input signal and do not require any + 15V 
power supplies. 


22&3 | 22&3)| 2283 | 2243 
21&2 | 21&2/ 21&2 | 2182 


HAZARDOUS VOLTAGES 
Before use, screw the card down to the PC chassis; this is due 
.to possible reference and signal high voltages present on the 
card. 


DSC-36022 


|TABLE 4. DSC-36022 COMPUTER INTERFACE PIN FUNCTIONS _| 
SIGNALNAME | ——s FUNCTION si” 
VO CHECK NOT USED 
DATA BIT 7 
DATA BIT 6 
DATA BIT 5 
DATA BIT 4 
DATA BIT 3 
DATA BIT 2 
DATA BIT 1 
DATA BIT 0 
NOT USED 
ADDRESS ENABLE 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
ADDRESS BIT 9 
ADDRESS BIT 8 
ADDRESS BIT 7 
ADDRESS BIT 6 
ADDRESS BIT 5 
ADDRESS BIT 4 
ADDRESS BIT 3 
ADDRESS BIT 2 
ADDRESS BIT 1 
ADDRESS BIT 0 
GROUND 
NOT USED 
POWER SUPPLY 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
GROUND 
NOT USED 
NOT USED 
/O WRITE 
I/O READ 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
NOT USED 
POWER SUPPLY 
NOT USED 


/O READY 
AEN 

A19 
A18 


GROUND 
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TIMING REQUIREMENTS 


Data to the DSC-36022 is sent by the computer using standard 
V/O Write cycles (there are no readable registers). All of the 
interface logic utilizes high-speed components allowing the 
DSC-36022 to be addressable in zero wait state time cycles, 
however the following precautions must be taken. 


ee soi dial oon ic DSC 36022 
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CHANNEL 4 
(U25) 


(U24) 


(ORORORORORO) ; 


a 
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FRONT VIEW 


[2000 o00000~ ~=«|| OOVOOO 


CHANNEL 2 
CHANNEL 3 (U23) 
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nd 
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If a step input is given to a converter, allow at least 50 ms for 
the output signals to stabilize. 


The binary data value for the output angle must be loaded 
Least Significant Byte first (the 6 LSBs of the angle) followed 
by the Most Significant Byte (the 8 MSBs of the angle), or the 
double buffering scheme will not function properly causing an 
incorrect angle to be generated. 


0.063 
0.265 
I! 1 TO OUTSIDE OF 
[oooe o00000~—~)©6 | Ath lal 
CHANNEL 1 
(U22) 
SW10 SW 
(OOOOOOMOIOOOROOOAOIOD 
— ee ——| Ps A Le SEE NOTE 2 
SIDE VIEW 


PHYSICAL CHARACTERISTICS - : 
Size (Full size IBM PC card 3.9 x 13.3 x [note 2 9.9 x 33.8 x [note 2 


Notes: 


1. Specifications for the DSC-544 and DSC-644 Series are detailed in the individual data sheets. The user must supply reference voltage. 


The DSC-644 also requires +15Vde. 
2. Component height: with DSC-644 modules installed, 0.565"(14.4mm) max; with DSC-544 modules installed, 0.865"(22mm) max. 
3. Cut modules leads to 0.195°(4.95mm) 
4. J1 ia a DB37 Jack, with male pi 


FIGURE 2. DSC-36022 MECHANICAL OUTLINE 
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ORDERING INFORMATION 
CARD ASSEMBLY: 


DSC-36022 


CONVERTERS: 
DSC-544 
DSC-644 
Notes: 


1. The DSC-36022 is a standard, full-size IBM PC/XT/AT card 
3.9°(9.9cm) x 13.3"(33.8cm) x [note 2] 


2. Component Height: with DSC-644 modules installed, 0.565"(14.4mm) max; 
with DSC-544 modules installed, 0.865"(22mm) max. 


3. Cut modules leads to 0.195"(4.95mm) 


4. Modules are ordered separately as listed above and installed by the user. 
Sockets are included on the DSC-36022. 


5. A mating connector is supplied with the DSC-36022. The connector is part of 
Positronic’s MD 37F 20Y00 kit. 


Positronic’s address is 423 N. Cambell Ave., Springfield, Missouri 65801 
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DESCRIPTION 


The SDC-36015 is a versatile, full size 
IBM PC card designed for 1 to 6 chan- 
nels of Resolver to Digital or Synchro to 
Digital conversion. The SDC-36015 
uses either the RDC-19200 Series (for 
resolver inputs) or SDC-14560 Series 
(for synchro inputs) hybrid converters. 


The converters feature jumper 
programmable resolution (10, 12, 14 or 
16 bits), programmable high or low 
bandwidth, and a high quality velocity 
output voltage (VEL). Output angle in- 
formation is provided in two 8 bit bytes 
to the computer. 


All information generated by the SDC- 
36015 is /O mapped in four RAM loca- 
tions and is available to the computer 
with a read command. This includes 


$1 


we SYNCHRO OR 
$3 RESOLVER TO 
DIGITAL 


CONVERTER #1 
S4 


REF IN 


SYNCHRO OR 
RESOLVER TO 


DIGITAL 
CONVERTER #6 
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COUNT, BIT, LOS 


DIGITAL ANGLE 


SDC-36015 


IBM PC*® COMPATIBLE 


6 CHANNEL R/D-S/D CONVERTER CARD 


digital angle, 4 bits of turns counting, 
Built-In-Test (BIT), and Loss-of-Signal 
(LOS) information for each channel. 


APPLICATIONS 


Demonstration software, which shows 
the SDC-36015 capabilities is available 
with the card. The multi-channel SDC- 
36015 is designed for use in test sys- 
tems and high performance simulation 
and control systems. With program- 
mable resolution and high accuracy, the 
SDC-36015 is an excellent choice for 
applications including motor control, an- 
tenna positioning, CNC machine tool- 
ing, robot axis contro! and process 
control. 


BIT/LOS 


ERROR 
HANDLING 


CONTROL 


FEATURES 
© LOW COST 


® ACCURACY TO +1.3 ARC 
MINUTES 


@® EACH CHANNEL OFFERS: 


PROGRAMMABLE RESOLUTION 
& BANDWIDTH 


HIGH QUALITY VELOCITY OUT- 
PUT 


BIT, LOS, AND 4-BITS TURNS 
COUNTING 


PC BUS 
INTERFACE 


> 


ADDRESS 


ADDRESS 
DECODER 


|~<— 1/0 READ 
| ~<— 1/0 WRITE 
| ~— ENABLE 

, ~<— RESET 


| —> INTERRUPT 
| 


FIGURE 1. SDC-36015 BLOCK DIAGRAM 


®IBM PC is a registered trademark of International Business Machines Corporation. 
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C-36015 REQUIREMENTS AND CAPABILITIES 
J . v XN 


: e 
IBM PC/XT/AT or Compatible with 512K RAM 
DDC's SDC-36015 Card 


PARAMETER UNITS VALUE 


POWER SUPPLY 
mA 950 max with 6 channels 


Current Drain 
TEMPERATURE RANGE 
Oto +50 
-65 to + 150 


Operating (Case) 
Storage 


PHYSICAL 
CHARACTERISTICS 
Size (Full size 
IBM PC card) 


45x 13.5x 0.44 
(11.4 x 34.3 x 1.1) 


*Specifications for the ROC-19200 Series and SDC-14560 Series 
are detailed in individual data sheets. 


TECHNICAL INFORMATION 


INTRODUCTION 


The SDC-36015 is a full size |BM PC card which accepts up to 
six channels of synchro or resolver signals. Resolution (10, 12, 
14, or 16 bits) and bandwidth (high or low) are jumper program- 
mable for each converter on the SDC-36015 card. 


The synchro or resolver signals are converted to digital angle 
information which is then stored in latches and output to the 
computer during read cycles. Also available for each channel are 
turns counting, error status, and velocity (VEL) information. 


A block diagram of the SDC-36015 is shown in figure 1. The 
circuit provides the following information from each channel to 
the computer over the data bus: 


1.Digital angle data in two 8 bit bytes (LSB and MSB). 
2.Turns count data along with status information (BIT and LOS), 


3.An error map showing the status of all channels simultaneous- 
ly. 


The SDC-36015 receives commands from the computer to initiate 
the above tasks. 


Set jumper switch "DS" (Device Select) to +5 to select 
SDC/RDC-1920X; GND to select SDC-1456X. 


ADDRESSING REQUIREMENTS 


The SDC-36015 card is preset at the factory to reside at address 
300 HEX to 303 HEX. This location may be changed by moving 
the jumpers on the SDC-36015. Refer to table 4 for jumper 
positioning. 


SDC-36015 


SDC-36015 OPERATION 


The SDC-36015 operation begins with the computer writing a 
Command Word to the card to setup for the desired function. The 
card then updates its information, storing it in its latches. The 
computer then retrieves the information during a read. 


The Command Word is (refer to table 4) written to the card 
indicating the desired channel to get information from and the 
condition of Interrupt, Counter Reset, and Inhibit. The COMMAND 
WORD is shown in figure 2 and its functions listed in table 2. 


NOT USED 


COUNTER RESET 
INHIBIT 
NOT USED 
CHANNEL SELECT A2 MSB 
CHANNEL SELECT At 
CHANNEL SELECT AO LSB 


FIGURE 2. COMMAND WORD 


TABLE 2. COMMAND WORD FUNCTIONS 
FUNCTION D7 D6 D5 D4 D3 D2 D1 DO 


CHANNEL 1 ENABLED 
CHANNEL 2 ENABLED 
CHANNEL 3 ENABLED 
CHANNEL 4 ENABLED 


CHANNEL 5 ENABLED 
CHANNEL 6 ENABLED 
INHIBITT ON 

COUNTER RESET (TURNS) X 
INTERRUPT ENABLED X 


x KK KK OK OK 
KK KK OK OK OK OK 
x XO KK KK OK OK 
KK KK OK OK OK OK OK 
xx x«K+-+-O000 
xx x«K-+-O-O-O 


x = don’t care 


OUTPUT FUNCTION CODE SELECTION 


After the Command Word is latched in memory and the desired 
function initialized, the SDC-36015 will output information to its 
data bus. The two LSBs of the Address Bus (AO and A1) select 
which parameter is to be read. Table 3 lists the outupt funciton 
codes. 


TABLE 3. OUTPUT FUNCTION CODES 
FUNCTION Al AO 


8 LSBs of Angle 
8 MSBs of Angle 
Status/Count 

Status/Error Map 


-=-0O0 
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DECODING THE 8 LSBs AND 8 MSBs OF ANGLE. The resolver 
shaft angle is decoded from the combination of the LSB and MSB 
with the following formula: 

Shaft Angle = 360 +(MSB+ 256 + LSB) / 65536 

Where: 

Shaft angle is in decimal degrees. 

LSB and MSB are the decimal equivalent of the two 8 bit bytes 
representing angle. 


For example: 
If the following digital angle data was output: 


MSB 
LSB 


01011110 
01000110 


the decimal equivalent for the LSB is 69 
the decimal equivalent for the MSB is 94 


inserted into equation is: 
Shaft angle = 360 + (94+ 256 + 69) / 65536 
Shaft Angle = 132.48 


STATUS/COUNT INFORMATION. Figure 3 shows the status and 
count information for the selected channel. 


765 43210 


NOT USED 
NOT USED 
BIT INDICATOR 
LOS INDICATOR 
D3 TURNS COUNTER MSB 
D2 TURNS COUNTER 
D1 TURNS COUNTER 
DO TURNS COUNTER LSB 


LOS Indicator - Loss-of-Signal Indicator. A logic 1 at this location 
indicate a loss of synchro or resolver signal to the converter. 


BIT Indicator - Built-In-Test Indicator. A logic 1 at this location 
indicates the BIT fault flag has been raised. This occurs if the 
loop error signal in the converter exceeds a specified limit. 


Turns Count - DO-D3. DO is the LSB of a four bit word indicating 
turns count. The counter will increment/decrement at each com- 
plete revolution of the resolver or synchro shaft input. 


FIGURE 3. STATUS/COUNT WORD (EACH CHANNEL) 


STATUS ERROR MAP. When a BIT or LOS is indicated by any 
converter, the Status Error Map (see figure 4) is latched to store 
the status information at the precise time the error occurred. 
Interrupt line, IRQ3 is also latched low to indicate the fault to the 
computer. The interrupt handling routine should reset the inter- 
rupt flag using the interrupt enable lines as part of its function. 


A logic 1 at any position indicates that either a BIT or LOS error 
has occurred. 
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76543210 


NOT USED 
NOT USED 
FAULT CHANNEL 6 
FAULT CHANNEL 5 
FAULT CHANNEL 4 
FAULT CHANNEL 3 
FAULT CHANNEL 2 
FAULT CHANNEL 1 


FIGURE 4. STATUS/ERROR MAP 


OPERATING THE SDC-36105 WITH LESS THAN 6 CHANNELS 
If the SDC-36015 is to be used with less than all six channels, or, 
if it is required that a specific channel does not set the INTER- 
RUPT line, then those channels should have the interrupt function 
disabled. 


To disable the INTERRUPT, use jumper switches E1 to E6 (for 
channels 1 to 6). The interrupt is disabled when the jumper is in 
the OFF position (The jumper position for ERR1 to ERR6 when 
set towards the top of the board turns the channel off and when 
set towars the bottom of the card turns the channel on.). The BIT 
and LOS information going to the data bus and the STATUS 
ERROR MAP is not affected by the disable function. 


PROGRAMMABLE RESOLUTION AND BANDWIDTH 

Each individual converter can be jumper-programmed for either 
10, 12, 14 or 16 bits resolution and low (130 Hz) or high (530 Hz) 
bandwidth. 


RESOLUTION. The resolution for each channel is set by the A 
and B jumper switches as follows: 


Resolution 


10 Bits 
12 Bits 
14 Bits 
16 Bits 


O = jumper in OFF position 
1 = jumper in ON position 


BANDWIDTH. The BW jumper is set to 1 for high bandwidth (530 
Hz) and set to 0 for low (130 Hz). 


Switch position (BW. A, B): For channels 1,3, and 5 - the jumper 
positon towards the top of the card is Logic "1" ; For channels 2, 
4, and 6 - the bottom of the card is Logic "1". | 


VELOCITY AND DYNAMIC CHARACTERISTICS 

An analog voltage is generated by the converter prportional to the 
rate of change of the shaft angle, and is avaialble at the SDC- 
36015’s edge connector as teh Velocity (VEL) signal. 


The dynamic characteristics can be determined from the specific 
tables on the RDC-19200 and SDC-14560 data sheets. 


The velocity output scale factor can be changed from nominal by 
inserting resistors R1 to R6 for channels 1 to 6, respectively. The 
individual converter’s data sheet specifies the values of the 
resistors. 
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SOFTWARE DEVELOPMENT 


For aprogram in assembly and aclock speed of 4.77 MHz (standard 
IBM XT speed) it will take approximately 15 usec to cycle the 
converter. If a memory refresh occurs during this period, the time 
will be extended; faster clock speed will reduce this time. | 


ADDRESSING. The SDC-36015 i is pre-set to reside from address 
300H to 303H. These locations may be changed by fepaehicnlieg 
the j jumpers as shown in table 4. 


TABLE 4. SDC-36015 ADDRESS JUMPERS 
ADDRESS 


ete cee 
A8 Decode 3rd LSB of HEX I/O address 
Decode 2nd LSB of HEX I/O address. 
Decode 2nd LSB of HEX I/O address. 
ai 
sae eer 
Decode ist LSB of HEX I/O address. 


“ie a ee : et anti 
ee ee Decoded elsewhere, not programmable 


ss 


5% 5 


; The jumper position toward the top of 
the card is Logic "0". 


INTERFACE SPECIFICATIONS 

The SDC-36015 inputs place one LS TTL load each on the IBM bus 
and use one standard TTL signal levels to drive it. The pin number, 
signal name, and function of the I/O interface is listed in table 5. 


TABLE 5. SDC-36015 I/O INTERFACE PIN FUNCTIONS 


SIGNAL NAME 
/O CHECK 


FUNCTION 


NOT USED 

DATA BIT 7 
DATA BIT 6 
DATA BIT 5 
DATA BIT 4 
DATA BIT 3 
DATA BIT 2 
DATA BIT 1 
DATA BIT 0 

NOT USED 
ADDRESS ENABLE 
ADDRESS BIT 19 
ADDRESS BIT 18 
ADDRESS BIT 17 
ADDRESS BIT 16 
ADDRESS BIT 15 
ADDRESS BIT 14 
ADDRESS BIT 13 
ADDRESS BIT 12 
A11 ADDRESS BIT 11 
A10 ADDRESS BIT 10 
AQ ADDRESS BIT 9 
A8 ADDRESS BIT 8 
ADDRESS BIT 7 
ADDRESS BIT 6 
ADDRESS BIT 5 
ADDRESS BIT 4 
ADDRESS BIT 3 
ADDRESS BIT 2 
ADDRESS BIT 1 
ADDRESS BIT 0 


PIN NO. 


DO 
VO READY 
AEN 
Ai9 
A18 
A17 
A16 
A15 
A14 
Ai3 
Ai2 


SDC-36015 


TABLE 5. SDC-36015 - continued 
SIGNAL NAME 


PIN NO. FUNCTION 


Ground 
System Reset 
Power Supply 
Not Used 
Power Supply 
Not Used 
Power Supply 
Not Used 

_ Power Supply 
Ground 
Not Used 
Not Used 
I/O Write 
I/O Read 
Not Used 
Not Used 


Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Interrupt 3 
Not Used 
Not Used 
Not Used 
Power Supply 
Not Used 
Ground 


SDC-36015 EDGE CONNECTOR 


The SDC-36015’s edge connector is wired as listed in table 6. 


Before using , screw the card oun to the PC chassis; this is due to 


possible reference and signal high voltages present on the card. 


TABLE 6. SDC-36015 EDGE CONNECTOR WIRING 
CHANNEL 1 2 3 4 5 6 


Do not connect REF IN to GND; the reference is single-ended on the 
card, and GND is PC chassis ground. 


TIMING REQUIREMENTS 


The timing requirements of the converters (RDC-19200 or SDC- 
14560) are shown in figures 5 to 7. The CPU I/O Read and Write 
timing of the IBM Bus are shown in figure 8. 


When the Inhibit command is initiated there is a 500 nsec delay 
before data from the converter is valid. If the converter is in the 
middle of updating its count, then a 400 to 700 nsec delay may also 
occur. As a result of these two delays, the converter’s repetition rate 
for retrieving data can not be faster than 1200 nsec. 
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SDC-36015 


ASYNCHRONOUS TO CB 


—— 0.34s MAX 


FIGURE 5. INHIBIT TIMING 


[+1 22s MiN—> 


DEPENDS ON dd¢/dt 


0.4-0.7us 


CB 
0.2us wax] 


CPU I/O READ CYCLE 


LATCH READ DATS 


———_———— ¥ ——————— VALID ADDRESS ————_. 


———_  ——. 


CPU I/O WRITE CYCLE 


y, yy; 
om Ym GY 
Z Li CLK 
FIGURE 6. CONVERTER BUSY TIMING 
ALE 
CB | | | | 
1 
“| 0.5 us MIN | ADOR 2 nr 
MAJOR CARRY a i! aes | 0-19 ————__— ¥ —____ VALID ADDRESS ——_ 
ime) [+20 ns MIN —| }—0.5 us MIN 
}«—0.5 us MIN Lette 
WRITE 
DIRECTION (U) UP 
COUNT 
> 0.5 us MIN a Jeo. us MIN 
DATA 
DON'T CARE G27 VALID DATA 
FIGURE 7. INCREMENTAL AND TURNS COUNTING TIMING FIGURE 8. CPU I/O READ AND WRITE CYCLES 
1 2 3 4 5 6 7 
— ise) w N wt Oo 
55 882 #882 e822 682 &828 Ds 
H ani ae. L L lie. +5V H 
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L O) OjL meee H H |O H GND L 
13.3 
1 
3.9 
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CAUTION: 


When installing the converters they 
must be orlented correctly. 


Channels 1(U1), 3(U3), and 5(U5) 


must be Installed with pin 1 In the 
lower left corner. 


Channelis 2(U2), 4(U4), and 6(U6) 
must be Installed with pin 1 In the 
upper right corner. 


N 
LW 


Note: Dimensions are in inches (centimeters). 


FIGURE 9. SDC-36015 MECHANICAL OUTLINE 
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ORDERING INFORMATION 


CARD ASSEMBLY: 
SDC-36015 


Notes: 
1. The SDC-36015 is a standard, full-size IBM PC/XT/AT card (4.5 x 13.5 x 0.44 inches). 
2. Converters are ordered separately as listed below and installed by the user. Sockets are included with the SDC-36015. 


CONVERTERS: 


RDC-1920X-30 X SDC-1456X-XXX 


Accuracy: 
1 = 6min. +1LSB 
A 
ee 2 = 4min. +1LSB 
0 = 10min+1LSB" 4 = 2min. +1LSB 
(16 LSBs Differential Linearity, 5 = 1min. +1LSB 


RDC-19200 and RDC-19202 only) Reliability Grade: 


1 =8min+1LSB O0= Standard DDC procedures. 

(12 LSBs Differential Linearity) 1= Military processing available.” 

. 2= Military processing available but 

2= 4min+1LSB without QCI testing.” 

(8 LSBs Differential Linearity) 
3 = 3min+1LSB “Consult factory for details. 

(4 LSBs Differential Linearity) IH: 
4=2min+1LSB Operation temperature range: 


(4 LSBs Differential Linearity) 1 = —55°C to +125°C 


3= O°Cto+ 70°C 


Configuration: 


O= 11.8V,2% Linearity Configuraton: 

1= 11.8V,0.7% Linearity : - ee eles 
2 of | j = z, Synchro 

2= 2V,2 ee = 90V. 60Hz, Synchro 

B= ei tall ey 3 = 11.8V, 400Hz, Synchro, 

trimmed velocity 
RDC-19200 Series 4 = 26V, 400Hz, Resolver 
SDC-19204 Series (see note 3) 5 = 11.8V, 400Hz, Resolver 


6 = 11.8V, 400HZz, Resolver, 
trimmed velocity 


7 = 1V, 400Hz, Direct Resolver 
8 = 1V,60Hz, Direct Resolver 
“= 1.0V, 400HZz, Direct 


RDC 
SDC 


Notes: 

(1) Vel and e not characterized on models RDC-19200-300 and 
RDC-19202-300. 

(2) Differential Linearity is x LSB in the 16th bit. 


(3) See SDC-19204 data sheet and/or contact factory for Resolver trimmed velocity 
synchro input option. ; 
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SECTION | 
SPECIAL FUNCTIONS 


PRODUCT SUMMARY TABLE 


FUNCTION RESOLUTION | MODEL | ACCURACY PACKAGE DESCRIPTION/FEATURES 

LVDT/RVDT 12 Bit DTC-19300 | 0.25%, 0.05% 36 Pin DDIP 12 or 14 Bit LVDT (Linear Variable Differential 

TO DIGITAL or 0.78 x 1.9x0.21" | Transformer) or RVDT (Rotary VDT) to digital 

CONVERTER 14 Bit converter which also supplies the ac excitation; 
Frequency, signal gain, and resolution are all 
programmable. Also features velocity and 
Built-In-Test outputs. 

DTC-19305 0.15% 1.0 x 0.8 x 0.2" Low cost. 12 Bit LVDT or RVDT to digital 

converter in a very small package. Based upon a 

monolithic ratiometric tracking converter. Resistor 

programmable sum and difference input range. 

25 VA drive (6 Q active load). Kick circuit 

prevents 180° hang-up. powered from 


reference. Short circuit, transient, and overload 
protected. 


Many S/D, D/S, A/D, D/A, and 1553 Data Bus 
key codes. Consult factory. 


LVDT/RVDT 
TO DIGITAL 
CONVERTER 


SYNCHRO 
BOOSTER 
AMPLIFIER 


7.4 x 5.1 x 1.8" (400Hz) 
7.4 x 5.1 x 2.6" (60Hz) 
Chassis 


U.S. NAVY 
STANDARD 

ELECTRONIC 
MODULES 


paths } 


NOTES: Most hybrid products are available with Military Processing (Contact Factorv) 


* New Product 
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BACKGROUND INFORMATION 


$1 $1 R1 
R1 
6 $2 SIN (6—¢) 6 $2 R2 >6-¢ 
R2 
$3 S3 R3 
/ / 
| SHAFT INPUT 6 Fas SHAFT INPUT ¢ 
MECHANICAL CT MECHANICAL CDX 
S1 $1 SIN (6—¢) 
) S2 SIN (6-9) aX. $2 
S3 S3 COS (6-9) 
DIGITAL @ DIGITAL 
SOLID STATE CT SOLID STATE CDX 
FIGURE 1 
INTRODUCTION APPLICATIONS 


This section will explain several special synchro conversion 
functions and their applications. The functions discussed 
(Figure 1) will be a solid state control transformer (CT) and 
a solid state control differential transmitter (CDX). 


THEORY OF OPERATION 


Solid state CTs and CDXs are the electronic equivalents of their 
mechanical counterparts, the major difference being that the 
mechanical shaft is replaced with a digital word (see Figure 1). 
Thus, the two inputs are a synchro angle here referred to as 0, 
and a digital input referred to as ¢. The output from aCT isa 
voltage derived from the reference whose amplitude is equal to 
sin (@—@), while the output from a CDX includes both sin (@—@) 
and cos (9—@) to form a resolver output. Both devices use 
special multiplying D/As to solve the equation: 


sin (@—@) = sin 6 cos @ — cos @ sin @. 
The CDX also uses a cos control transformer to generate 


cos (0—¢). 
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Control transformers are most frequently used as error signal 
generators in closed loop servos. They are useful whenever 
digital angles must be subtracted from analog synchro or 
resolver angles, particularly when offset or correction angles 
must be provided under computer control. 


Control differential transmitters (CDX) subtract digital angles 
from analog synchro or resolver angles. They are used to pro- 
vide angle offsets or correction angles when a resolver or 
synchro type output is required, and are especially adapted to 
computer controlled systems. 
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DESCRIPTION 


The DTC-19300 is a 12 or 14 bit LVDT 
(Linear Variable Differential Trans- 
former) or RVDT (Rotary Variable Differ- 
ential Transformer) to digital converter 
which also supplies the AC excitation to 
drive the LVDT. Internal AC excitation 
voltage, frequency, signal gain, and res- 
olution are all programmable for op- 
timum system performance. Packaged 
in a 36 pin hybrid, the DTC-19300 also 
features Velocity (VEL), and Built-In- 
Test (BIT) outputs. The three-state digi- 
tal outputs are provided in a two byte 
format, for easy computer interface. 


The DTC-19300 has been designed 
precisely for use with the LVDT. Inher- 
ent characteristics of the DTC-19300, 
such as the input to output phase shift, 
have been given considerable attention. 
The converter’s reference voltage is de- 
rived from, and is in phase with, the 
LVDT output signal. Therefore, any er- 


10K 
R1 


1 


EM 


DTC-19300 


LVDT/RVDT TO DIGITAL CONVERTER 


rors due to the transducer’s phase shift 
are virtually eliminated. 
Programmability of DTC-19300 is used 
to accomodate the broadest range of 
LVDTs available. An analog velocity volt- 
age (VEL) is a standard output from the 
DTC-19300. VEL is a DC level propor- 
tional to the core’s linear rate of change, 
and can be used for velocity feedback. 


APPLICATIONS 


The DTC-19300 provides many fea- 
tures previously supplied by individual 
system components. Because of its in- 
ternal AC source, programmable fea- 
tures, fault indicator (BIT), and velocity 
output (VEL), the need for other system 
circuits is minimized. The DTC-19300 
is an excellent choice for applications 
using the LVDT transducer for position 
feedback, such as military/commercial 
aerospace and industrial control systems. 


HIGH ACCURACY if 


RATIO BRIDGE 


FEEDBACK 


14 BIT BRIDGE 
TRANSPARENT 


14 BIT OUTPUT 
TRANSPARENT 
LATCH 


3 STATE 
TTL BUFFER 


BITS 1-6 BITS 7-14 EL 


; ERROR 
PROCESSOR 


1 LSB ANTIJITTER 


FEATURES 


INTERNAL OSCILLATOR 
PROGRAMMABLE FOR 


VOLTAGE AND FREQUENCY 


12 BIT OR 14 BIT 


VELOCITY OUTPUT 


BUILT-IN-TEST OUTPUT 


@ THREE-STATE, TWO-BYTE 


DIGITAL OUTPUT 


DTC-19300 


BIT 
DETECT 


INTERNAL 
DC REF (11V) 


FIGURE 1. DTC-19300 BLOCK DIAGRAM 


BIT 


PROGRAMMABLE SIGNAL GAIN 


PROGRAMMABLE RESOLUTION 


BOS 


iLC DATA DEVICE 


CORPORATION DTC-1 9300 


120r 14 bits Programmable. 
Tempco = 0.001% / °C max. See Ordering Information. 


FREQUENCY OUT (OSC, Pin 19) 


4.7KHZ +10% Tunable down to 1kKHz; disable with R4 = ~ (see description). 


Frequency 
Voltage 
Current Drive 
Protection 


REFERENCE IN (RI) 
Full Scale Voltage 
Input Impedance 


REFERENCE (R) 
Voltage 
Input Impedance 


SIGNAL IN (S) 
Full Scale Voltage 
Input Impedance 


DIGITAL INPUTS/OUTPUTS 
Logic Type 
Inputs 


Loading 
INH (Inhibit) 


EM (Enable Bits 1-6) 
EL (Enable Bits 7-14) 


A (Resolution Control) 


OUTPUTS 
Parallel Data 


BIT (Built in Test) 
Drive Capability 


ANALOG OUTPUTS 
V (Analog Ground) 
VEL (Velocity) 

Scaling 

Scaling TC 
Reversal Error 
Linearity 

Zero Offset 
Noise & Ripple 
AC peak/DC avg 


DYNAMIC CHARACTERISTICS 
Tracking Rate 
Bandwidth, Closed Loop 


acc for 1 LSBlag 
Settling time—half scale step 


POWER SUPPLIES 
Nominal Voltage and Range 
Max Voltage w/o Damage 
Current, Peak 
Current, Average 


2.7V rms +20% 
20mArms min 


2Vrms +10% 
20M Ohms min 


1Vrms +10% 
20M Ohms min 


2 Vrms 
20M Ohms min 


Logic 0 = 0.8V max 
Logic 1 = 2.0V min 
10 uA max 


120r 14 bits 


LogicO = 1 TTLload 
Logic 1 = 10 TTLloads 
High Z = 10,A//5pF max 


5.5VDC nom 


+4V+15% 
200 PPM/°C max 
2% Max 
2% of output max 
10mV max 
50mV rms 
0.5% max 
40K Ohms min 


1 fullrange per sec, min 
18 Hz 
1/sec? 
1/sec 
1/sec 
1/sec 
1/sec 
0.1 full ranges per sec” 
150 ms 


20% at room temp, add 0.3% / °C. Scalable down (see description). 


Short circuit, overcurrent, and voltage transient protected. 


Transient protected voltage follower. 


Transient protected voltage follower. 


Transient protected voltage follower. 


TTL/CMOS compatible. 


Pull-up current source to + 5V//S5pF, CMOS transient protected. 
Logic 0 inhibits, data valid within 0.5us 
Logic 1 enables. 


Logic 0 enables, data valid within 150 ns. 

Logic 1 = highimpedance, data high Z within 100 ns. 
Logic 1 = 14 bit resolution. 

Logic 0 = 12 bit resolution. 


Bipolar two's complement. 

Bit 1 = MSB, bit 14 or bit 12 = LSB. 

Logic 0 for BIT condition (converter malfunction). 
1.6mA at 0.4V max +50pf. 

—0.4mA at2.8V min +50pf. 

When in the third state. 


VEL is with respect to V. 
1 (14 bit) or 4 (12 bit) ranges per second. 


+5VDC+10% +15VDC+5% 

+8VDC +18VDC 

10mA max 25mA max, + V 2 Ioge fms. 
10mA max 35mA max, + 0.9x0.5xI,<.rms. 
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PARAMETER 


TEMPERATURE RANGES 


Operating, Ambient 
—3XX 0°C to + 70°C 
—1XX =55°C to +125°C 
Storage —65°C to + 150°C 


PHYSICAL CHARACTERISTICS 
Size 0.78x 1.9x 0.21 inches 
(20 x 48x 5.3mm) 
1:0Z 


(28 gm) 


Weight 


TABLE 1. DTC-19300 SPECIFICATIONS (Continued) — Specifications apply over temperature and power supply ranges. 


VALUE DESCRIPTION 


36 pin DDIP 


DTC-19300 


TECHNICAL INFORMATION 


INTRODUCTION 


The circuit shown in Figure 1, DTC-19300 Block Diagram, con- 
sists of four main parts: signal input conditioning, a feedback 
loop (whose elements are the high accuracy ratio bridge, demoa- 
ulator, error processor, VCO and up-down counter), a power 
oscillator to excite the LVDT, and digital interface circuitry (includ- 
ing various latches and buffers). 


In the LVDT, position output is transmitted as a differential volt- 
age that varies linearly with changes in the core position. The 
DTC-19300 receives the differential and sum voltage at its inputs 
and internally produces a digital position 5 which tracks the dif- 
ferential position A to within the specified accuracy of the converter. 


A high accuracy ratio bridge is used to compute (A — 5), where: 
A = the LVDT'score position 
6 = the digital position contained in the converter's 

up-down counter. 


The tracking process consists of continually adjusting 6 to make 
(A — 6) » 0, So that 6 will represent the core’s position, A. 


The ratios bridge output is fed to a demodulator whose output 
is an analog DC level proportional to (A — 5). The error processor 
receives its input from the demodulator and integrates the (A — 
6) error signal which then drives a Voltage Controlled Oscillator 
(VCO). 

Functionally, the up-down counter is an incremental integrator. 
Therefore, there are two stages of integration which make the 
converter a Type II tracking servo. In a type II servo, the VCO 
always settles to the counting rate which makes the dé/dt equal 
to dA/dt without lag. The output data will always be fresh and 
available as long as the maximum tracking rate of the converter 
is not exceeded. 


POWER OSCILLATOR 


The DTC-19300 contains an internal power oscillator. The OSC 
output (pin 19), can be programmed for voltage and frequency. 
The output voltage is 2.7V rms, scalable down with an external 
resistor R3 connected between RM (pin 20) and V (pin 25). The 
frequency is 5K Hz, tunable to 400 Hz with an external resistor 
R4 connected between RF 1 (pin 21) and RF2 (pin 22). If desired, 
an external oscillator can be used in place of the internal oscillator. 


SOLID STATE BUFFERED INPUTS 


The signal and reference inputs are voltage follower inputs with 
high impedance that do not load the LVDT. The maximum trans- 
ient peak voltage should not exceed 100V. 


DIGITAL INTERFACE 


The digital interface circuitry has three main functions: 
1. Latches the output bits during an Inhibit (INH) command 
allowing stable data to be read out of the DTC-19300. 
2. Furnishes parallel tri-state data formats. 
3. Acts as a buffer between the internal CMOS logic and the 
external TTL logic. 


In the DTC-19300, applying an INHIBIT (INH) command will lock 
the data in the Output Transparent Latch without interfering 
with the continuous tracking of the feedback loop. Therefore, 
the digital position always updates, and the INHIBIT can be 
applied for an arbitrary amount of time. The Inhibit Transparent 
Latch and the 50 ns delay are part of the Inhibit circuitry. For 
further information, see the INHIBIT (INH, PIN 17) paragraph. 


LOGIC OUTPUT 


Logic outputs from the DTC-19300 consist of the LVDT core’s 
digital position in 12 or 14 parallel data bits. All logic outputs are 
short-circuit proof to ground and +5V. The internal T signal is 
a positive, 0.4 to 0.74s pulse. Data changes about 50ns after 
the leading edge of T, and the position is determined by the sum 
of the bits at logic 1. Digital outputs are three-state and are 
provided in two bytes: bits 1 through 6 (MSBs) which are enabled 
by the signal EM, and bits 7 through 14 (LSBs) which are enabled 
by the signal EL. Outputs are valid (logic 1 or 0) 150ns max 
after setting EM or EL low, and are high impedance within 100ns 
max of setting EM or EL high. Both EM and EL are internally 
pulled-up to +5V at 100nA max. 


INHIBIT (INH, PIN 17) 


The INH input locks the Output Transparent Latch (figure 1) so 
the bits will remain stable while data is being transferred. The 
output is stable 0.5us after INH is driven to logic 0. 


A logic 0 applied to the T input latches data, and a logic 1 applied 
to T allows the bits to change. The Inhibit Transparent Latch 
prevents the transmission of invalid data when there is an overlap 
between T (VCO clock to up-down counter) and INH. While the 
counter is not being updated, T is at a logic 0 and the Inhibit 
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Latch is transparent. When T goes to a logic 1, the Inhibit Latch 
is locked. If T occurs after INH has been applied, the latch will 
remain locked and its data will not change until T returns to logic 0; 
if INH is applied during T, the latch will not lock until the T pulse 
is over. The purpose of the 50ns delay is to prevent a race 
condition between T and INH where the up-down counter begins 
to change as an INH is applied. 


Figure 2 illustrates the Inhibit Timing. Whenever an input position 
change occurs, the converter changes the digital position in 1 
LSB steps and generates a T pulse, delayed by 50ns, nom. 
Valid data is available at the outputs 0.2us after the leading 
edge of T. An INH input, regardless of its duration, does not 
affect the converter update. 


FIGURE 2. INHIBIT TIMING 


A simple method of interfacing to a computer is: 
1. apply INH, 
2. wait 0.5us min., 
3. transfer data and release INH. 


As long as the converter's maximum tracking rate is not ex- 
ceeded, there will be no lag in the converter output. If a step 
input occurs, as when power is initially applied, the response 
will be critically damped. Figure 3 shows the response to a step 
input. After initial slewing at the maximum tracking rate of the 
converter, there is one overshoot (which is inherent in a Type 
Il servo). The overshoot settling to final value is a function of 
the small signal settling to final value. 


MAX SLOPE EQUALS OVERSHOOT 
TRACKING RATE 
(SLEW RATE) 


/ i 
rs SMALL SIGNAL 
s _ SETTLING TIME 


hae ae ae SETTLING TIME 
| 


FIGURE 3. RESPONSE TO A STEP INPUT 


BUILT-IN-TEST (BIT, PIN 18) 


The BIT output monitors the level of the demodulator and if it 
exceeds approximately 65 bits, the logic level at BIT will change 
from logic 1 to logic 0. This condition will occur during a large 
step and reset after the converter settles out. BIT will also be 
set for an over-velocity condition because the converter loop 
cannot maintain input-output sync, and if the converter malfunc- 
tions where it cannot maintain the loop at a null. 
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VELOCITY (VEL, PIN 26) 


The Velocity output (VEL) from the DTC-19300 is a DC voltage 
proportional to the angular velocity dA/dt = dé/dt. The velocity 
is input to the second integrator, as shown in figure 4. Its linearity 
is dependent solely on the linearity of the voltage controlled 
oscillator (VCO). An open loop Bode plot is shown in figure 5. 
Bandwidth (BW) and the acceleration constant (Ka) can be de- 
termined by the following formula: 


V2°A 


Closed Loop Bandwidth (Hz) = 


Output VEL is not required for norma! operation of the converter; 
V is used as an internal DC reference. Maximum loading on V 
and VEL is 40K. 

The simple filter shown in figure 6 will, for the Velocity output, 
eliminate the one overshoot for a step velocity input and will 
filter the carrier frequency ripple. 


VEL OUT 
RESOLVER Pate 
ITION 
INPUT i 
A? ( 3 +1) 
é ae WHERE: 
pen Loop Transfer Function S MAA 
2:8 =, WN. 
s* (s35+') 


FIGURE 5. OPEN LOOP BODE PLOT 


100K 
ve an a OUTPUT 
(pin 26) 
ae 
1 1 


= RO = A = 40 


FIGURE 6. VELOCITY FILTER 


ELECTRONIC LIMIT STOPS 


The DTC-19300 incorporates electronic limit stops and will not 
count up past +FS—1 LSB or down past —FS. 
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OUTPUT CODING 


Table 2 lists the DTC-19300 full scale (FS) and half scale (HS) 
digital output codes. Table 3 lists the weight of each bit with 
respect to the full scale output. 


TABLE 2. DIGITAL OUTPUT CODES 


(MSB) DIGITAL OUTPUT (LSB) 


10000000000 0 0 
+1LSB 00000000000 0 0 1 
ZERO 00000000000 0 0 0 


00000000000 0 
—-FS G00 800000 0 00 0 


SETTING UP AND PROGRAMMING THE DTC-19300 


To set up and operate the DTC-19300, refer to figure 7 and 
proceed as follows: 
INTERNAL OSCILLATOR 
1. Select the LVDT’s operating frequency. 
2. Calculate the value of R4 (the oscillator frequency setting 
resistor) by using the LVDT frequency in the equation below. 
' 1x10" 
R4 (in Ohms) = (Frequency Hz)? 45.6K 
3. Calculate the value of R3 (the oscillator amplitude setting 
resistor), which results in a 0.8V rms between pin 32 (R) and 
pin 25 (V), when the LVDT is at its null position (core in the 
center). This usually requires a 0.8V rms input)to the LVDT 
primary. Proceed as follows: 
a. Use the LVDT turns ratio (usually 1:1) to calculate the 
oscillator output with the equation below: 
Vosc = 0.8 volts x turns ratio 
b. Calculate the value of R3 with the equation below: 
R3 = Vosc x 100K _ 
2. = OSC 
c. Calculate the value of the coupling capacitor C1 so that 
its impedance will be less than “10 the impedance of the 
LVDT at the operating frequency. 
CONVERTER FULL SCALE 
4. Calculate the value of R2 (full scale setting resistor) with the 
LVDT at full travel. This results in 1.6V rms between pin 35 
(SO) and pin 25 (V). Use the following equation: 


Ro = 10K x pin 33 (S) voltage 
1.6 — pin 33 (S) voltage 


PHASE COMPENSATION 

5. At full travel, monitor pin 24 (e) voltage with an oscilloscope 
and determine the value for C2 that gives minimum output. 
This value (of C2) can be used for all applications which use 
the same LVDT. 

CONVERTER RESOLUTION 

6. Select 12 bit or 14 bit operating mode. The 12 bit mode 
provides faster response to input variations and is set by 
grounding pin 23 (A). The 14 bit mode provides higher resolu- 
tion and is set by connecting pin 18 (BIT output) to pin 23 (A). 


DTC-19300 


re 3. BIT WEIGHTS 
| opr WEIGHT 


0.5 fullrange = FS 
0.25 full range = HS 
0.125 full range 
0.0625 full range 
0.03125 full range 
0.015625 full range 
0.0078125 full range 
0.0039063 full range 
0.0019531 full range 
0.0009766 full range 
0.0004833 full range 
0.0002441 full range 
0.0001 221 full range 
0.0000611 full range 


In both modes, if the BIT line goes low indicating an error 
condition (the error signal to error processor and VCO is too 
large), the DTC-19300 is set to 8 bit mode so that the error 
can be driven to null faster. Once this happens, the converter 
returns to the original setting. 

Note 


Consult with the factory for use of the converter with 2-wire 
LVDTs. 


DTC-19300 
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FIGURE 7. DTC-19300 SET-UP 
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TABLE 4. DTC-19300 PIN FUNCTIONS 


Enable MSBs. Logic 0 enables digital output bits 1-6. Logic 1 disables these bits. 
Digital Output Bit 1 (MSB all modes). 

Digital Output Bit 2. 

Digital Output Bit 3. 

Digital Output Bit 4. 

Digital Output Bit 5. 

Digital Output Bit 6. 

Digital Output Bit 7. 

Digital Output Bit 8. 

Digital Output Bit 9. 

Digital Output Bit 10. 

Digital Output Bit 11. 

Digital Output Bit 12 (LSB 12 Bit Mode). 

Digital Output Bit 13. 

Digital Output Bit 14 (LSB 14 Bit Mode). 

Enable LSBs. Logic 0 enables digital output bits 7-14. Logic 1 disables these bits. 
Inhibit. Output valid 0.5us after INH is logic 0. 

Built-In-Test. Monitors level of error (D) and will change to logic 0 if it exceeds approximately 65 bits. 
Power oscillator output. 

Reference Magnitude. Power amplifier amplitude adjust. 

Reference Frequency. Power amplifier frequency adjust. 

Reference Frequency. Power amplifier frequency adjust. 


Resolution Control. Sets resolution to 12 or 14 bits. Set for 14 bit mode by connecting the BIT (pin 18)toA 
(pin 23). Set for 12 bit mode by grounding A. 


AC Error. 
Internal DC reference voltage, +5.5V. 
Velocity. 

Supply Voltage. 

Ground. 

Summing Junction. 

Supply Voltage. 

Reference Out. 

LVDT Reference input. 

LVDT Signal input. 

Signal Amplifier Gain Point. 

Signal Amplifier Output. 
Full Scale Reference Input. 
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0.09 + 0.01 ORDERING INFORMATION 


{ DTC-19300-X X X 
L 


Accuracy: 
O000000NNNC OC OCC0O00 ; 
iyo cues 36 19 1 = 0.25% of reading +3 LSB (at room temp.) 
; pag 8 + = ° H 
(19.7 + 0.13) TOP VIEW ee faa 2 = 0.05% of reading +3 LSB (at room temp.) 
OT 1 18 a 
IDENTIFIES ©00000000000000000 Reliability Grade: 
N1 


1.700 + 0.005 
(43.2 + 0.13) 


10 = 0.01 0 = Standard DDC procedures 


Pag * 005 | 0.086 TYP 1 = Fully compliant with MIL-STD 883. 
inioalaatin RADIUS 2= Screened to MIL-STD-883 but without 
QCI testing. 


Temperature Range: 


0.100 TYP (2.54) 0.055 (1.4) 1 = -55°C to +125°C 
0.015 MAX —e| — TOL. NON- RAD TYP - 5 : 
(0.39) ail CUMULATIVE 3 = 0°C to +70°C 
0.018 (2.1) 
15) DIAM TYP 
Notes: 


1. Dimensions are in inches (millimeters). 

2. Lead identification numbers are for reference only. 

3. Lead clusters shall be centered within +0.10 of outline dimensions. Lead spacing 
dimensions apply only at seating plane. 

4. Pin material meets solderability requirements to MIL-STD-202E, Method 208C. 

5. Case is electrically floating. 


G FIGURE 8. DTC-19300 MECHANICAL OUTLINE 
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DESCRIPTION 


DTC-19305 SERIES 
12 BIT LVDT/RVDT TO DIGITAL CONVERTER 


PRELIMINARY 


FEATURES 


The DTC-19305 series are 12-bit track- 
ing LVDT (Linear Variable Differential 
Transformer) or RVDT (Rotary Variable 
Differential Transformer) to digital con- 
verters. The DTC-19305, packaged in a 
small 26 pin plug-in (0.8" x 1.0") hybrid 
features: resistor programmable sum 
and difference input range, low power: 
+5v de at 10 ma=100 mw typ, 12-bit 
ratiometric tracking converter, con- 
venient microprocessor digital interface, 
high reliability and low cost- single 


(VEL) is a standard output for the DTC- 
19305. 


APPLICATIONS 


The DTC-19305 provides many features 
previously supplied by individual system 
components. The need for other system 
circuits is minimized because of the fault 
indicator (BIT) and velocity output (VEL). 
The DTC-19305 is an excellent choice 
for applications using the LDVT 


® SMALL SIZE: 0.8" X 1.0" HYBRID 
PACKAGE 


RESISTOR PROGRAMMABLE SUM 
AND DIFFERENCE INPUT RANGE 


LOW ie +5V DC AT 10 MA 


100 M 


12- A a TRACKING 


CON 


HIGH RELIABILITY AND LOW COST- 
SINGLE MONOLITHIC CHIP 


BIT OUTPUT FOR CONVERTER 


monolithic chip, BIT output for converter _ transducer for position feedback, such MALFUNCTION 
malfunction, and under and over-range as military/commercial aerospace and UNDER AND OVER-RANGE 
indication. An analog velocity voltage industrial control systems. INDICATION 

+REF -REF_ BIT C, 


D3 D4 S4 S5 


D1 


D2 

S1 INPUT SCALING 
S2— 

$3 


PRECISION RATIO 


BRIDGE 


14 BIT UP/DOWN 
COUNTER 


DATA LATCH 


EM DATA EL INH 


DEMODULATOR 


HYSTERESIS 


INTEGRATOR 


VCO & TIMING 


CB 


FIGURE 1. DTC-19305 BLOCK DIAGRAM 


BOG 


iLc DATA DEVICE 
CORPORATION 


PARAMETER 
RESOLUTION Bis [12 
ACCURACY % 


REPEATABILITY max 


DIFFERENTIAL LINEARITY | LSB |0.5max is 


DIFFERENCE INPUT 
360 - 5000 


Frequency 
Voltage Range 2 nom, for no scaling resistor 
to 20 with scaling resistor 


Y 


Input Impedance 


single ended 40k +1% 
differential 80k +1% 
Common Mode Range 20 peak max, 100 pk transient 


SUM INPUT 
Frequency 
Voltage Range 


360 - 5000 
2 nom, for no scaling resistor 
to 20 with scaling resistor 


Input Impedance 


single ended 40k split +1% 
differential 80k split +1% 
Common Mode Range 20 peak max, 100 pk transient 


DC ERROR OUTPUT (E) 
Gradient -1.25 per +1 LSB of error, nom 

Range +3 min 

Load +0.5 max 

DIGITAL INPUT/OUTPUT 
Logic Type 

Inputs 


TTL/CMOS compatible 
Logic 0 = 0.8V max. 
Logic 1 = 2.0V min. 
Loading =10[la max P.U. cur- 
rent source to +5V //Spf max. 
CMOS transient protected 
Logic 0 inhibits; Data stable 
within 0.3LS 
Logic 0 enables; Data stable 
within 150 nS 
Logic 1 = High Impedance 
Data High Z within 100 nS 


Inhibit (INH) 


Enable Bits 1 to 6 (EM) 


Enable Bits 7 to 12 (EL) 


Outputs 
Parallel Data (1-12) 


12, 2 bytes, 8 parallel lines; 
offset binary , positive logic 
Logic 0 for BIT condition. +100 
LSBs of error with a filter of 

2.5mS - 
Over Range; enable with EM 


Built-In-Test (BIT) 


OR1, OR2 


Drive Capability 50 pF + 

Logic 0; 1 TTL load, 1.6 mA at 
0.4V max 

Logic 1; 10 TTL loads, -0.4 mA 


at 2.8V min 
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DTC-19305 SERIES 


TABLE 1. DTC-19305 SPECIFICATIONS _ (continued) 
DYNAMIC 
CHARACTERISTICS 

Tracking Rate 

Bandwidth(Closed Loop) 


Time (half scale step 
POWER SUPPLIES 
Nominal Voltage 


Voltage Range 
Max Volt. w/o Damage 
Current 
TEMPERATURE RANGE 
Operating 
-30X 0 to +70 
-10X -55 to +125 
65 to +150 
PHYSICAL 
CHARACTERISTICS 
Size 1.0 x 0.8 x 0.2; 26 pins 
0.66 max 


NOTE: % of Reading 


 oT-1 9305 


LVDT | 20K 20K 40K 


DIF 
(0-2Vrms) 


FIGURE 2. 3-WIRE LVDT HOOKUP DIAGRAM 


ean DTC-19305 SERIES 


CORPORATION 


A2 (S/B +1 ) Dimensions are in inches (millimeters). 


Open Loop Transfer Function = 5 
S*(S/10B +1) 


PIN 1 DENOTED BY 


TABLE 2. OUTPUT CODING CONTRASTING 0.200 (MAX) 
LVDT Output MSB 1 ws LSB COLORED BEAD (5.08) 


+ over full travel 0.98 (MAX) 


+ full travel -1LSB a ne aol 
+0.5 travel |+— 0.700 v a 
+1LSB (17.78) Lane 
null , 
-1LSB 
-0.5 travel 
-full travel te, , 
-over full travel vee" 
0.600 | 
(15.24) | 
1 
ae 0.018 +0.002 DIA. PIN 
(0.46 +0.051) 
(26 REQUIRED) 
PIN NUMBERS ARE 
FOR REFERENCE ONLY 
BOTTOM VIEW SIDE VIEW 


FIGURE 3. DTC-19305 MECHANICAL OUTLINE 


ORDERING INFORMATION 
DTC-19305-X X X 


Accuracy: 
1 = 0.15% of reading +3 LSB 


Reliability Grade: 


0 = Standard DDC procedures. 

1 = Fully compliant with MIL-STD 883. 

2= Screened to MIL-STD-883 but without 
QCI testing. 


emperature Range: 
=§9'C to: +125°C 


T 
1 
3 0°C to +70°C 


i 
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CORPORATION 


SBA SERIES 


HIGH POWER SYNCHRO BOOSTER AMPLIFIERS 
Also Boosts Output of D/S & D/R Converters 


DESCRIPTION 


The SBA-Series amplifiers are compact 
units designed to be bolted to a chassis 
(see mechanical outline). Both 60 and 
400HZ units require signal input levels 
of 90V synchro or 6.81V resolver. 
Their signal output is high power 90V 
L-L synchro. A connection to the 
signal reference voltage provides the 
power to drive the amplifier. The only 
other connections are for logic con- 
trols: a Disable input, a BIT output, 
and +5V power supply to drive the 
logic. All signal inputs and outputs are 
transformer isolated from each other, 
and logic inputs and outputs are opto- 
isolated. 


The SBA is a high efficiency device. 
Because power is derived from the ref- 
erence rather than DC supplies, heat 
dissipation is reduced by 50% and the 
unit is smaller in size. Another energy 
saving feature is the Disable, which al- 
lows the output to be turned off when 
it is not required. The SBA compo- 
nents are mounted on a 1/8 inch thick 
aluminum plate which conducts heat 
efficiently to the chassis to which the 
unit is bolted. 


The SBA is fully protected. Current 
limiting prevents damage from over- 
loads and short circuits. Voltage 
clamps protect against reference and 
load transients. A thermal cutout dis- 
ables the output at 125°C. 


I-12 


In addition to retaining the high ef- 
ficiency and protection features of 
previous DDC torque drivers, the SBA 
has a new feature: a kick circuit. 
When the rotor in a torque receiver is 
hung up, the automatic kick circuit in 
the SBA will shift the synchro output 
by 120° for 1/2 second to free the 
hang-up. 


APPLICATIONS 


SBA amplifiers are rugged units, re- 
quiring no calibrations or adjustments, 
that can be used wherever high power 
synchro output is required. They can 
drive large passive loads such as mul- 
tiple CTs and CDXs, or active loads 
such as torque receivers. The SBA can 
be used to amplify the output of a 
synchro transmitter directly, but its 


most common useage is for D/S con- 


version. Only two modules are re- 
quired for high power D/S conversion: 
a standard, low power hybrid or dis- 
crete D/S or D/R converter, and the 
SBA. 


High power synchro drive capability is 
often required in training simulators, 
remote indicators, gun fire control, and 
Navy retransmission systems. The DIS- 
ABLE and BIT control lines are designed 
for computer supervision. The power 
conserving features and small size of 
the SBA amplifiers make them an ex- 
cellent choice for installations requiring 
multiple units. 


FEATURES 


@ MOST COMPACT, EASY TO USE 


SYSTEM FOR HIGH POWER 
SYNCHRO OUTPUT 

ONLY ONE MODULE NEEDED 
TO BOOST SYNCHRO SIGNALS. 

POWERED FROM REFERENCE 
+75V POWER SUPPLIES 
NOT REQUIRED. 

PROVIDES HIGH POWER D/C 
CONVERSION WHEN USED 
W/TH LOW POWER D/S OR 
D/R CONVERTER. 


90V, 60 OR 400 Hz SYNCHRO 
OUTPUTS: 
DRIVES MULTIPLE CT AND 
CDX LOADS UP TO 25VA. 
DRIVES TORQUE RECEIVER 
LOADS UP TO Zss = 622. 


KICK CIRCUIT FREES TORQUE 
RECEIVER ROTOR TO PREVENT 
HANGUPS. 


VERY HIGH EFFICIENCY: 
DERIVING POWER FROM 
REFERENCE REDUCES HEAT 
DISSIPATION BY 50%. 


VIRTUALLY INDESTRUCTIBLE: 
PROTECTED AGAINST SHORT 
CIRCUITS, OVERLOADING, 
TRANSIENTS, TEMPERATURE, 
AND REFERENCE SUPPLY 
SHUT DOWN. 


BOGS 


ILC DATA DEVICE 
CORPORATION 


SPECIFICATIONS 


SBA SERIES 


Apply over temperature range, + 10% reference voltage and frequency variation, and + 10% harmonic distortion 


in the reference. 


PARAMETER VALUE 


ACCURACY 
Passive Loads (CT and CDX) 
Active Loads (torque receiver) 


SIGNAL INPUT 
Input Isolation 
Synchro Input 
SBA-25001 
SBA-25003 
Resolver Input 
SBA-25002 
SBA-25004 


SYNCHRO OUTPUT 
L-L Voltage for Nominal Input 
Voltage 
Minimum Load Impedance of 
Passive Loads 
Minimum Load Impedance of 
Active Loads 


CONTROL LINES 
Disable (DIS) 


Overload Indicator (BIT) 


Kick Circuit (K and CO) 


POWER SUPPLIES 
Reterence Input (Must Be Same As Signal Reference) 
Reference Signa! Isolation 
Frequency: 
Nominal Value 
Range 
Voltage: 
Nominal Value 
Range 
Max. Value Without Damage 
Current? 
No-load 
Additional With Load 
Logic Voltage Supply (+5V) 
Voltage Level 
Max. Voltage Without Damage 
Current 


THERMAL CHARACTERISTICS 
Temperature Ranges: (Case Temperature) 
Operating 
Storage 
Heat to be Dissipated 
Thermal Resistance at Junction of 
Power Transistor to Heat Sink 
Therma! Cutoff 


PHYSICAL CHARACTERISTICS 
Size (Bolts to Chassis) 


Weight 


t3.0 arc-minutes 
+ 10 arc-minutes 


Transtormer tsolation, 5S00V rms min. breakdown to ground 
Frequency L-L Voltage impedance 

400 Hz! 10% 90V 400 K2 min, balanced 
60 Hz: 5% 90V 100 K32 min, balanced 


400 Hz: 10% 6&81V 4 K&2 min, balanced 

60 Hz: 5% 6.81V 4 K&2 min, balanced 
Other frequencies line-to-line voltages and Output power 
levels are available. Please consult factory. 


9OV +1% 
Zz - 24382 


682 


TTL compatible 

Logic 0 enables power amplifier output if internal temperature does not 
exceed 125 C 

Loading is 2.5mMA max. at logic 0 

Opto-isolated, 1000V peak min. breakdown to ground. 


TTL compatible 
Logic 1 indicates that normal output is not being provided for either of 
two reasons: 
1. A therma! overload prevents the disable from turning the out- 
put on. 
2. A current overload condition exists and output is reduced by 
internal current limiting 
Drive capability 1s 2 Std. TTL loads 
Opto-isolated, 1}OOOV peak min. breakdown to ground. 


Jumper connection in mating connector. 

Normally connected fo: torque receiver loads (not for passive CT and 
CDX loads). 

Shifts output by 120 for 1/2 sec. to unjam rotor if Output ts hung up 
by an overcurrent condition. 
Repeat every 4-1/2 seconds so long as overcurrent condition per- 
SISLS. 

Cannot cause damage to SBA or to torque receiver. 


Transtormer isolated, SOOV rms min. breakdown to ground. 


400 Hz 60 Hz 


360440 Hz 5763 Hz 


115V rms 
+ 10% 
130V rms 


50 mA max 100 mA max 
1 mA per mA of output load 


+ 5V DC :10% 
+ 10V 
10 mA max. 


—25°C to +85°C 
55°C to +125°C 
1.5 Watts max. per VA delivered 


1.5°C/Watt, conduction cooling 
Amplifier output is disabled whenever internal 
temperature exceeds 125°C. 


400 Hz 60 Hz 
7.4X 5.1 X 1.8 inches 7.4 X 5.1 X 2.6 inches 
(188 X 130 X 46 mm) (188 xX 130 X 66 mm) 


4 Ib (1.82 Kg) max 7 tb (3.1 Kg) max 
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CORPORATION 


SBA SERIES 


TECHNICAL INFORMATION 


Figure 1 shows that the SBA consists of three main 
parts: a power amplifier with a transformer isolated sig- 
nal input, an internal power supply which is transformer 
isolated from the reference power source, and digital 
controls with opto-isulation. 


SIGNAL INPUT 


90V L-L synchro input passes through an isolation 
transformer. 6.81V L-L resolver input passes through a 
Scott-T transformer which changes it to $1, $2, S3, syn- 
chro format as well as providing signal isolation. If fre- 
quencies or voitage levels, other than those specified are 
required, please consult the factory. 


POWER AMPLIFIER 


The triple power amplifier accepts synchro input and 
produces high power, 90V L-L synchro output. The 
output is current limited with a sharp limit transition at 
1.0A peak. The current limiting prevents damage from 
Output overloads or short circuits, and voltage clamping 
prevents damage from load transients. 


If the reference input is lost, the amplifier output shuts 
down. In a shut down condition, the SBA presents a 
safe, open circuit configuration to the load. 


The amplifier is thermally protected by a cutout which 
disables the output when the internal temperature 
reaches 125°C. The output is automatically restored 
when the temperature drops below 125°C. 


The kick circuit in the amplifier is described in a sepa- 


rate section. 
, ISOLATION 


REFERENCE RH | 


INPUT POWER 


115V RMS TRANSFORMER 
60 OR 400 HZ RL 


90V SYNCHRO 


OR commer 
6.81V RESOLVER 


INPUT 


' 
ISOLATION 
OR SCOTT-T 
TRANSFORMER 


DISABLE (DIS) 


OPTO- 
IiSOLATOR 
GND 


+5V 


BIT 


OVERLOAD 
INDICATOR 


POWER SUPPLY 


The high efficiency, low heat dissipation characteristics 
of the SBA are made possible by the pulsating power 
supply. This supply produces two unfiltered, full-wave 
rectified positive and negative voltages as shown in the 
diagram. These voltages are always in phase with the 
amplifier output voltage because the power is derived 
from the reference input. The amplitude of the two 
voltages need only be a few volts greater than the power 
amplifier output voltage, since both will change together 
if the reference level changes: As indicated in Figure 2, 
the positive and negative pulsating power supply voltage 
levels will be consistently lower than the constant DC 
levels of any DC supplies. Because the voltage levels are 
lower, the power consumed will be much less. The pow- 
er dissipated as heat is equal to the amplifier current 
times the difference in voltage between the power sup- 
ply and the output. For the SBA, the power dissipated 
is reduced by approximately 50% for reactive loads. 


DIGITAL CONTROLS 


Two logic lines emerge from the power amplifier, one 
indicating whether a current overload condition exists 
(current overload indicator) and one indicating when the 
internal temperature exceeds 125°C (thermal overload 
indicator). Logic 1 signifies overload. The Overload In- 
dicator (BIT) will be at logic 1 when either or both of 
the indicator lines are at logic 1. To prevent nuisance 
signals in the BIT, the current overload logic line has a 4 
second delay before responding to an actual overload 
condition. 


PULSATING 
POWER SUPPLY 


gx 
TRIPLE S2_ SYNCHRO 


POWER gg OUTPUT 
AMPLIFIER 


K 
7 KICK CIRCUIT 
1 (JUMPERED ON 
co 7 CONNECTOR) 


THERMAL 
OVERLOAD 


CURRENT 
INDICATOR 


OVERLOAD 
INDICATOR 


FIGURE 1. SBA BLOCK DIAGRAM 
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SBA SERIES 


+ DOC SUPPLY LEVEL 


POSITIVE PULSATING 
SUPPLY VOLTAGE 


AMPLIFIER OUTPUT 
~~ VOLTAGE ENEVLOPE 


. NEGATIVE PULSATING 
SUPPLY VOLTAGE 


- DC SUPPLY LEVEL 


FIGURE 2. PULSATING POWER SUPPLY VOLTAGE WAVEFORMS 


The Disable (DIS) makes it possible to switch the power 
amplifier output on or off. The reference input current 
drain, as indicated in the specifications, is much smaller 
if the output is off. If several SBA amplifiers are con- 
nected to the same reference, their disable lines can be 
used to sequence the SBA turn on. This reduces the 
transient reference power requirement because torque 
receivers generally draw the maximum limiting current 
at turn on when the rotors are off null. 


The Disable can turn the output on only if two con- 
ditions are satisfied. One condition, indicated by the 
AND gate in the block diagram, is that no thermal over- 
load exists (temperature above 125°C). The other con- 
dition is that the reference input must be supplied, since 
the output shuts down if the amplifier loses power. 


KICK CIRCUIT 


A hang-up condition can occur in a torque receiver in 
which the rotor is not driven back to null but stalls at 
some other angle. The function of the kick circuit in the 
SBA is to free the hang-up so that the rotor can return 
to null. 


The kick circuit frees rotor hang-ups by shifting the syn- 
chro output angle by 120° for a period of 1/2 second. 
As shown in the block diagram, the kick circuit is acti- 
vated by connecting the kick input K to the current 
overload indicator logic line CO. Because the driving 
current supplied by the SBA is limited to 1 ampere, a 
current overload condition will usually exist except 
around null. Such current overloading, if it persists 
longer than the 4 second delay in the CO response time, 
will drive the CO line to logic 1, and activate the kick 
circuit. 

Usually one kick is enough to free a rotor hang-up. 
However, the kick circuit will repeat its 1/2 second, 
120° angle shift every 4.5 seconds so long as the current 
overload condition persists. Repeated cycling cannot 
harm the torque receiver or the SBA. 

The output currents in the SBA are limited to 1A. With- 
out the kick circuit, larger drive currents would be re- 
quired to reduce the probability of rotor hang-ups. A 
kick circuit is therefore an important asset in reducing 
the size and cost of a torque driver. 


The kick circuit pin K should be left unconnected for 
passive loads such as CTs and CDXs. 


DRIVING CT AND CDX LOADS 

When driving CT and CDX loads the SBA must have 
enough steady state power capability to drive the Z,, 
of the load. Z,, (stator impedance with rotor open-cir- 
cuited) is measured as shown in the Figure 3: 


$3 


2/3 Zs0 


280 = R + IX 


W226 


$1 $2 


FIGURE 3. 2, MEASUREMENT 


The SBA can drive CT and CDX loads whose Z,, has a 
magnitude (R? + > ala which is at least as great as the 
minimum load impedance of Z,, = 2432 listed in the 
specifications table. The following table shows the load 
impedance of some typical control transformers and 
control differential transmitters. 


SOME COMMON CT AND CDX LOAD IMPEDANCES 


Military 
Type Number Size 2. (Nominal) 


CONTROL TRANSFORMERS: 


11CT4e 11 838 + j4955 
15CT4c 15 1600 + j9300 
15CT6b 15 1170 + j6780 
18CT4c 18 1420 + j13260 
18CT6b 18 1680 + j5040 
23CT4a 23 1460 + j11050 
23CT6a 23 1250 + j3980 
CONTROL DIFFERENTIAL TRANSMITTERS: 
11CDX4b 253 + j1802 
15CDX4d 140 + 31000 
15CDX6c 404 + j2290 
18CDX4c 63 + j 695 
18CDX6d 521 + j1605 
23CDX4c 32 + j 306 
23CDX6c 221 + j 958 


Control transformers are highly inductive loads and it is 
possible to save power by tuning such loads. Figure 4 
illustrates three capacitors placed across the legs of the 
synchro stator in a delta configuration: 


$3 


$1 $2 
C 


DELTA TUNING CONFIGURATION 


FIGURE 4. CT LOAD TUNING 
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CORPORATION 
The correct value of the capacitance C in Farads is given receiver load capability Z,, which can be driven. For the 
by: SBA, the maximum load Z,, is 62. 
X, Some common torque receivers and their load imped- 
eae ek ances ° (stator input impedance with rotor shorted) 
4nf (R* + Xt) are listed in the following table: 


SOME COMMON TORQUE RECEIVERS 
AND THEIR LOAD IMPEDANCES > 


where f is the carrier frequency and R and X are the 
series real and reactive components of 2... Good grade 
Capacitors must be used and they must be able to with- 


11TR4c 90V/400 180 to 250 
stand the full AC output voltage. 15TRx4a 90V/400 50.to 82. 
When the load has been tuned more loads can be driven 15TRx6a 90V/60 920 
in parallel, because the load impedance Z is increased to: 18TRx4a 90V/400 16 to 21 
18TRx6b 90V/60 350 to 430 
R2 + x2 23TR6 90V/60 110 to 145 
= ar a 23TR6a 90V/60 110 to 145 
23TRx4a 90V/400 6.5 to 8.1 
23TRx6b 90V/60 110 to 145 | 


DRIVING TORQUE RECEIVER LOADS 


In addition to having enough steady state power capa- 


bility to maintain a torque receiver at null, a torque The SBA-25002 and 25004 Synchro Booster Amplifiers 
driver must have a peak transient power sufficient to are directly compatible with our MDCR-H or HDSC-14 
drive the torque receiver back to null. This transient Digital to Resolver/Synchro Converters. Figure 5 illus: 
power capability is indicated by the maximum torque trates the connection procedure for this application. 


SBA 25002 (400 Hz) 


OR 
SBA 25004 (60 Hz) 


SIN @ 10 as eek 
DIGITAL DIGITAL TO SYNCHRO 
$6 , rms 

CONVERTER co Se eleo BOOSTER 53| 90V,L-L 

$i 

: 1 | 
$4 
R 
REFERENCE 
INPUT RH 
115 V ems 


600R 400HZ RL 


FIGURE 5. MDRC/SBA CONNECTION DIAGRAM 


A SBA SERIES 


CORPORATION 


MECHANICAL OUTLINE 


Metal case bolts to chassis for heat-sinking. 
Mating connector and locking hardware supplied. 


7.40 MAX. 
(188 mm) -50 MAX. 


(13 mm) 


31 6.75 400 Hz SEE NOTE (3) 
(7.9 mm) | (171. mm) | 60 Hz SEE NOTE "| = 


4.70 
(119 mm) 


.18 
(4.6 mm) 


.194* 895 DIA THRU (4 HOLES) 
(4.937 §:62? mm) 


NOTES 
1. Q1-Q6 are insulated. 
2. Dimensions in inches (millimeters). 


.28 3. SBA-25001/2 case dimension is 1.34 in. 
(6.4 mm) MAX. (34.0 mm). 
4. SBA-25003/4 case dimension is 2.12 in. 
MAX. (53.8 mm). 


ORDERING INFORMATION 
SBA-25001 


+5V 
BIT OUTPUT 


1 = 400 Hz, 90V L-L synchro input 

2 = 400 Hz, 6.81V L-L resolver input 

3 = 60 Hz, 9OV L-L synchro input 

4 = 60 Hz, 6.81V L-L resolver input 
All units provide 25VA synchro output 


NOTE: The following hardware is supplied with each order: 
Mating Connector AMP 205207-1 
One set Male Retainer Screws AMP 205980-1 
15 Sockets AMP 205090-1 


1. Pin S4 is for resolver input versions only. 

2. To enable the kick circuit for torque receivers, 
connect pin 6 to pin 18. 

3. NC means no connection is made to this pin 
internally. 

4. TP are test points intended for factory use only. 
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SECTION J 
MIL-STD-1553 DATA BUS PRODUCTS 


PRODUCT SUMMARY TABLE 


| PACKAGE | DESCRIPTION/FEATURES | PAGE | 


Transceiver 24 Pin DDIP Featuring low power dissipation and improved filtering to enhance bit error J-87 
Hybrid rate of system. Directly interfaces to Harris 15530 Encoder/ Decoder. 
1.4 x 0.8 x 0.20" 
BUS-63102 Ii Universal 1.26 x 1.26 x 0.17" | Universal transceiver conforms to MIL-STD-1553 A/B and McDonnell 
Transceiver Hybrid Douglas A-3818, A-5232, A-4905, and A-5690. Use BUS-27765 XFMR. 


DESC #5962-86049-05XC Uses BUS-25679 XFMR. 
BUS-63104 Il Transceiver 1.26 x 1.26 x 0.17" | Conforms to MIL-STD-1553 A/B. Improved filtering to enhance bit error 
Hybrid rate. Use BUS-27765 XFMR. 


BUS-63105IK-15V) Transceiver 24 Pin DDIP Monolithic Transceiver.Listed on MIL.DWG.No.5962-86049-02ZC. 
Hybrid Conforms to MIL-STD-1553 A/B. High S/N ratio, internal filtering. Drives 
1.4x0.8x0.20" | Harris 15530 directly. SEAFAC tested. Eliminates non-standard part 
approval when specified by the Military Drawing number. Uses 
BUS-25679(-15V) and BUS-29854(-12V) XFMR 


BUS-631071K(-12V) 
Same as BUS-63105 II but has inverted RX and RX outputs. 
Same as BUS-63107 II but has inverted RX and RX outputs. 


BUS-63115 Il 
pO erect 


V 


BU 


36 Pin DDIP Dual redundant monolithic transceivers in a single hybrid. Conforms to 
BUS-631271I(-12V) Transceiver Hybrid MiL-STD-1553 A/B. High S/N ratio, internal filtering. Drives Harris 15530 
1.9x0.78x0.2" | directly. Complete isolation, including separate power and signal 


connections. SEAFAC tested. Eliminates non-standard part approval when 
specified by the MIL. DWG. No. 5962-87579-02XC. Uses 
BUS-25679(-15V) and BUS-29854(-12V) XFMR 

Same as BUS-63125 II but has inverted RX and RX outputs. 


BUS-63135 II 


BUS-63137 Il Same as BUS-63127 || but has inverted RX and RX outputs. 
BUS-63147 Dual 5V 36 Pin DDIP Complete transmitter and receiver pair conforming fully to MIL-STD-1553 J-28 
BUS-63148 Transceiver Hybrid A/B. Features +5V power supply, Dual Redundant packaging, and Harris 


1.9 x 7.6 x 0.210" | I/O compatibility. BUS-63148 is BUS-65612 compatible. Uses BUS-41429 


XFMR 


o. 70) At “x bow ye Ss TE AMIN £5) 3) 2 Ee eR Re RR RR siasttenneeateneens pectvlneeeat 
BUS-61553(- 2.1x 1.9x0.25" | Complete MIL-STD-1553 Bus Controller ( RT), or J-20 
SERIES Integrated (DDIP) Bus Monitor (MT) device. Contains dual low power MkIl transceivers, 
BUS-61554(-12V) | ajux (AIM) Hybrid complete BC/RT/MT protocol logic, MIL-STD-1553-to-host interface unit, J-22 
BUS-61555(+5V) AIM-HY and an 8K x 16 shared RAM. Provides memory mapped 1553 interface, 

on-line and off-line Self Test, and is SEAFAC Tested.Eliminate 
non-standard part approval when specifiied by the MIL. DWG No. 
5962-88692-01XC. Uses BUS-25679(-15V), BUS-29854(-12V), and 
BUS-41429(5V) XFMR 
BUS-61556(-15V) 2.2x1.6x0.17" | Same as above but it is transceiverless and is used with BUS-63102 II. 
BUS-61563(-15V) (Flatpack) Flatpack version of BUS-6 1553. 
BUS-61564(-12V) Flatpack version of BUS-6 1554. 
: Flatpack version of BUS-61555. 
BUS-61559(-15V) Enhanced 2.1x 1.9x0.25" | Complete MIL-STD-1553B Notice 2 Bus Controller (BC), Remote Terminal | J-28 
BUS-61560(-12V) Advanced (DDIP) (RT), or Bus Monitor (MT) device. Supports STANAG 3910 as it directly 
BUS-61561(+5V) Integrated interfaces to the BUS-63910 high-speed protocol unit. Pin, functional, and 
MUX (AIM) Hybrid software compatible to BUS-61553 Series including data and address 
BUS-61569(-15V) AIM-HY’ER 2.2x 1.6x0.17" | buffers selection, Enhanced RT Subaddress Memory Management, and 
BUS-61570(-12V) (Flatpack) additional interrupts, internal illegalization, and Time Tag. 
BUS-65112 Dual Redundant | 2..1x1.9x0.25" | MIL-STD-1553 dual redundant RT includes transceivers, encoder/decoder | J-39 
(DDIP) and protocol. Supports 13 mode codes and has DMA type interface 
BUS-65117 2.2x1.6x0.17" | handshake. SEAFAC tested. Eliminated non-standard part approval when 
(Flatpack) specified by the Military Drawing number (DESC) 5962-87535-01 XC. Uses 
Hybrid BUS-25679 XFMR. 
BUS-65142 Dual Redundant 1.9x 2.1x0.25" | Complete dual redundant RT package in either DDIP or Flatpack hybrid J-41 
(DDIP) packages. Includes CMOS-SOS Monolithic RT protocol and BiPolar low 
power Mark II transceivers, data buffers, timing control logic, supports 
BUS-65144 1.6 x 2.2 x0.17" | mode codes, 16MHz decoders that offer improved noise rejection and zero 
(Flatpack) crossing detection, and has SEAFAC tested components. Uses 
BUS-25679 XFMR. | 
NOTES: Most hybrid products are available with Military Processing (Contact Factory). Data Bus Products continued. 


Universal multi- 
protocol Remote 
Terminal 


The BUS-65149 is the world’s first dual redundant universal MIL-STD-1553 
Remote Terminal (RT) hybrid. The BUS-65149 features a universal 
sinusoidal transceiver and pin selectable options providing for support of 
MIL-STD-1553A; MIL-STD-1553B; McAIR A3818, A5232, and A5690; the 
various G.D. F16 protocols; and GRUMMAN SPG151A. The BUS-65149 
provides all of the functions required to interface between a MIL-STD-1553 
dual redundant serial data bus and a subsystem parallel three-state data 
bus. A pair of BUS-27765 transformers are required to interface between 
the BUS-65149 and the 1553 bus. 


2.1x 1.9 x 0.25" 
(90 Pin DIP) 


Complete, dual | 1.90 x 1.0 x 0.240" | Provides the output voltage level required for MIL-STD-1760. Contains two | J-45 
redundant 70-pin DIP ceramic | (2) low power transceivers and a DDC custom designed chip. This chip 
MIL-STD-1553B package includes dual encoder/decoder, RT protocol logic, 3-state data buffers, and 
Remote Terminal DMA transfer control logic. Supports all 13 dual redundant mode codes, 
"STIC" programmable. Parallel data transfers (8-bit or 16-bit) are accomplished via 
70-pin Flatpack | aDMA type handshake. Programmable 16 or 12MHz clock. 
Bus Controller, 1.32 x 1.32 x0.125" | Pin grid array (BUS-65612). Dual redundant CMOS SOS MIL-STD-1553 J-69 
Remote Terminal, (PGA) Bus Controller, Monitor or RT with error detection and complete mode code 
or Bus Monitor capability. Includes 16MHz dual encoder/decoder, dual bit processor, RT | 
protocol, BC protocol, and DMA subsystem interface. | 
BUS-66312 1750 or STD CPU 1.32 x 1.32 x Interfaces STD or 1750 CPUs (F9450 or PACE 1750A) and 1553 BC/RTs 7 | 


Memory 
Mangement 
Interface 


0.125" (PGA) (BUS-65600 and BUS-656 12) for minimum CPU overhead; internal 
microcode controller; buffer controls for 1750 address bus and data bus; 


registers for command, interrupt, and mode control words 


BUS-65505 (-12V) Uni 15.6 x 8.4" 


Dual redundant Bus Controller Remote Terminal Unit, or Bus Monitor with J-47 | 
BUS-65506 (-15V) Bus Controller, Unibus Unibus @ interface. Supports all MIL-STD-1553 message formats, 12 
Remote Terminal, Hex Card Mode Codes, and provides Built-in-test capability. Its 4K x 16 bit dual 
: or Bus Monitor access RAM and command registers minimize CPU overhead. 
| BUS-65508 (-15V) Multibus | 6.75 x 12" Dual redundant Bus Controller, Remote Terminal, or Bus Monitor with J-49 
| BUS-65509 (-12V) Bus Controller, Multibus ® Card | Multibus © interface. Supports all MIL-STD-1553 message formats, 12 
: Remote Terminal, Mode Codes, and provides built-in-test capability. Its 4K x 16 bit dual 
| or Bus Monitor access RAM and command registers minimize CPU overhead. 
| BUS-65515 IBM PC ® 13.125% 4:9" Dual redundant Bus Controller, Remote Terminal, or Bus Monitor with IBM | J-51 
Bus Controller or IBM PC Card PC interface. Supports all MIL-STD-1553 message formats, 13 mode 
Remote Terminal codes, and provides built-in-test capability. Its 4K x 16 bit dual access 
RAM and command registers minimize CPU overhead. 
BUS-65517 Il IBM PC Card 13.125 x 4.6" Simultaneously simulates a Bus Controller, and active Monitor and up to 31 | J-53 
eal for Test and IBM PC Card Remote Terminals. Provides comprehensive Error injection with Bit/Word 
| Simulation resolution. Fully dual redundant. Includes user friendly menu driven 
. software. 
| BUS-65519 IBM PC Card 13.125 x 4.6" The BUS-65519 is a turnkey system used to automate the protocol tests of | J-55 
: Mil-Std-1553 RT IBM PC Card the SAE RT Production Test Plan. A number of military contracts are 
| Production Test imposing this test plan on MIL-STD-1553 suppliers.With the BUS-65519, 
Plan protocol Test- the test engineer characterizes the Unit Under Test (UUT) via the user 
ing Software & friendly, menu driven software. Once this is done, the configuration can be 
Hardware saved to disk. The BUS-65519 can execute the ENTIRE protocol tests in 
Run time routine under 20 seconds. A report detailing the results of the test is automatically 
libra generated. 
BUS-65522 Il VME/VXI 9.2 x6.3 x 0.4" Dual redundant Bus Controller, Remote Terminal, or Bus Monitor with J-57 
BUS-65523 II Bus Controller, VME Eurocard VME/VXI interface. Supports all MIL-STD-1553 message formats, mode 
Remote Terminal, codes, and provides built-in-test capability. Its 8K x 16 dual access RAM 
| or Bus Monitor and four types of interrupts minimize CPU overhead. BUS-65523II is McAir 
| BUS-65524 Ruggedized ption. The BUS-65524 is Ruggedized. 
VMEbus-to- 9.2x6.3x0.4" | Complete interface between a VMEbus backplane and a dual redundant J-59 
STANAG 3838 VME Eurocard STANAG 3838/3910 low-speed/high-speed (LS/HS) bus. Consists of a 
/3910, BC, RT, intelligent VME slave device and an external fiber optic transceiver. Pro- 
and MT for Test& vides capability for operating as a STANAG 3838 (low-speed) BC, RT, or 
Simulation MT. Capability to operate as a 20 Mbps STANAG 3910 (high-speed) RT. 
NOTES: Most hybrid products are available with Military Processing (Contact Factory). Data Bus Products continued. 


® Unibus is a registered trademark of Digital Equipment Corporation. 
® Multibus is a registered trademark of Intel Corporation. 
® IBM XT/AT is a registered trademark of International Business Machines. 


PRODUCT SUMMARY TABLE (continueg) 
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'@ CARD ASSEMBLIES - continued er 
TYPE PACKAGE 


| S—SSS——SéESCRIPTIONFEATURES =———s—CSCéd(’*sé#PAGG | 


BUS-65526 VMEbus-to-MiL- 9.2x6.3x0.4" | Complete interface between a VMEbus backplane and a dual redundant J-61 
STD-1553B, BC, VME Eurocard MIL-STD-1553B Notice 2 bus. The board comprises a double height (6.3" 
RT, and MT for X 9.2") intelligent VME slave device, operating in 1553 Bus Controller (BC), 
Test& Simulation Remote Terminal (RT), or Monitor (MT) modes. | 
BUS-65529 IBM AT ® 6.5 x 4.9" Dual redundant BC,RT, or MT on a half-slot IBM AT interface card. J-63 | 
BC, RT, MT IBM AT half-slot | Supports all MIL-STD-1553 Message formats, 13 mode codes, and 
built-in-test capability. It's AIM-HY'er features and 4K x 16 shared RAM 
interface minimizes CPU overhead. 
VME/VXI BC, 9.2x6.3x0.4" | Simultaneously simulates a Bus Controller, and active Monitor and up to 31 | J-65 
Multi RT, MT for VME Eurocard Remote Terminals. Provides comprehensive Error injection with Bit/Word 
Test& Simulation resolution. Fully dual redundant. Includes user friendly menu driven software. : 
BUS-65555 MIL-STD-1553 GRiD internal Full, intelligent interfacing between MIL-STD-1553B Data Bus and the J-67 
RT/BC/MT battery rugged GRiD 1520,1530, and 1535 series laptop XT/AT ® compatible 
interface unit for cartridge computers. Software controls operation as either a 1553 Bus Controller 
GRiD © laptop 2.9x 1.45 x5.5" | (BC), Remote Terminal (RT), or Bus Monitor (MT). It offers the dual 1553 
Module ports through standard 1553 triaxial connectors. 


Validated by SEAFAC. 


areceteceteretotetatatatacetarststetetets 


@ TERMINAL BIT PROCESSORS and DUMB RTs 
1.15 x 2.15 x 0.2" | LSI based Manchester I] encoder/decoder. Wrap-around self-test, 16 bit 
Hybrid parallel tri-state output, mode codes, address recognition, time out. 


Dumb RT 1.8 x 1.6 x 0.2" 
(1553 and Hybrid 
MACAIR) 


BUS-65101IK-12V) 
BUS-65102IK-15V) 
BUS-65201I(Univ) 


MIL-STD-1553 dumb RT with transceiver, encoder/decoder, control logic 
dual rank I/O registers, and internal clock oscillator. Provides all interface 
functions between the Data Bus and a subsystem parallel data highway. 
May operate as an RT, BC, or Bus Monitor, in either single or dual 
redundant configurations. SEAFAC tested. 


17 x 14.5 x 3.5" 
Instrument 


Data Bus 
Exerciser 


Full function simulation of RTU and BC operation; implements protocol test 
of SAE AE-9 (see BUS-69005) proposed production test plan; has 1553 
A/B System Tests; Real-Time Monitor output; programmable transmitter 
output level and channel A/B selection; can do superceding command 
test; error generation/detection; RS-232 and GP|B-488 external control. 


Low cost, bench top error generating and detecting instrument for 
functional testing of MIL-STD-1553 Data Bus systems. Operational as Bus 
Controller, Remote Terminal, and Bus Monitor. 


Programmable bit error rate tester; self contained Bus Controller and noise 
source which correlates with SEAFAC; auto self test & diagnostics. 
Programmable via IEEE 488; pass/fail or continuous run. 


Used with the BUS-68005 Data Bus Tester, BUS-68015 Noise Tester and 
an IBM PC/XT/AT to perform all protocol tests specified in the SAE AE-9 
RT Production Test Plan. Menu-driven complete/partial PTP execution; 

disk storage of PTP-subset and RT configurations; single, continuous and 
Halt-on-Error execution. Selectable test data printout. 
Provides a menu-driver ATE environment using an IBM PC/XT/AT host 
along with two of DDC's BUS-68005 Data Bus Exerciser to perform all 

protocol tests specified in the SAE RT Production Test. 


Consists of a library of run-time routines to perform common 
MIL-STD-1553 functions. Supports the BUS-61553), BUS-61559, 
BUS-65515, BUS-65522ll, B B 


MENT | 


af EQ 
Conforms to MIL-STD-1553 A/B. Has variable output level for use in test 
applications. Receiver has internal filtering for high S/N ratio. Uses 


BUS-8559 Var. Output 24 Pin DDIP 
Transceiver Hybrid 
1.4x0.8x0.20" | BUS-25679 XFMR. 
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MIL-STD-1553 
Test Software 


BUS-1555 Manchester II Encapsulated Decodes serial Manchester II into 16 bit parallel and NRZ serial data J-16 | 
decoder Module output. Error detection capability.(16MHz clock operation) 

3.1% 2.6.x 0,8" 

ull MIL-STD-1553 Encapsulated Encodes parallel data into Manchester II. Errors include: Manchester 
Encoder 


Module coding, parity, high and low bit count, and sync field.(2MHz clock operation) 


SRR. (MECeeae ee eee eae -9.1x% 2.6 x 0.8" 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). Data Bus Products continued. 
© GRID is a registered trademark of GRID Systems Corporation. 
® IBM XT/AT is a registered trademark of International Business Machines. 


PRODUCT SUMMARY TABLE (continued) 


ISEM 2A 
Format B 


BUS-67001(UKT) 
BUS-67002(UKU) 
BUS-67003(UKS) 


SEM Family 


Family of SEM modules to configure dumb RT, complete RT, or Bus 
Controller. 


BUS-67007 Format E A complete MIL-STD-1553 & 1750A computer I/O, RT/BC/MT mode 
selectable, with on board shared ram support. L.E.D.’s indicate the board 


and status 


Bus Isolation 


0.63 x 0.63 x 0.3" | Provides all of the turns ratio configurations, component isolation, and J-14 
Transformers Module common mode rejection ratio characteristics necessary for MIL-STD-1553 
A/B. Low profile, modular units that are multitapped to accommodate 
existing system configurations. 
Interface 0.63 x 0.63 x 0.3" or| Interface transformers listed on DESC Spec. No. M21038/27. Designed to | J-10 
| Serles* Transformers 0.5 x 0.35 x 0.25" | couple MIL-STD-1553 A/B compatible drivers to the bus. Low profile 
| (BETA) Modules devices multi-tapped to accommodate existing system configurations. 
*see footnote Eliminates non-standard part approval when specified by the Military 
Drawing number. Listed on QPL-21032-31 from BETA transformers. 
HLP-6000 Interface 0.63 x 0.63 x 0.175"| Provides the turns ratio configurations, component isolation, and common J-91 
Series* Transformers Modules mode rejection ratio characteristics necessary for MIL-STD-1553A and B. 
(BETA) These transformers are hermetically sealed, low profile, modular units 
*see footnote that are multi-tapped to accommodate existing system configurations. 
Interface 0.63 x 0.63 x 0.150"| Provides the turns ratio configurations, component isolation, and common J-93 


Modules mode rejection ratio characteristics necessary for MIL-STD-1553A and B. 
These transformers are low profile, modular units that are multi-tapped to 


accommodate existing system configurations. 


Transformers 
(BETA) 
*see footnote 


3.385 x 2.76 x 0.71" 
Metal Cased 
Module 


Dual Redundant 
Fiber Optic 
Transceiver 


The BUS-63910 20 MHz fiber optic transceiver provides a complete 
electrical to optical front end interface to a dual redundant EFA/STANAG 
3910 fiber optic bus. The BUS-63910's intended use is to interface 
between a star-coupled STANAG 3910 bus, a BUS-63920 Data Retiming 
Unit, and a BUS-63930 STANAG 3910 Remote Terminal Unit. 

For each redundant channel, the BUS-63910 includes a transmitter, 
receiver, fiber optic Y-coupler, and optical connector. The BUS-63910 
operates at an optical wavelength of 810+40 nm and provdes a minimum 
optical power output of -4dBm. The receiver provides a minimum sensitivity 
level of -35dBm and a dynamic operating range of 23dB. 


The BUS-63920 Data Retiming Unit recovers clock and serial data from the 
outputs of a dual redundant STANAG-39 10 transceiver. It interfaces 
directly with a BUS-63910 Fiber Optic Transceiver. 

The BUS-63920 may be used for STANAG 3910 clock recoveryfor both 
fiber and wire applications. In operation, it extracts 40MHz clock and 
retimed data from a transceiver's raw serial data output. 

The BUS-63920 features a fast maximum aquisition time of ips, as 
required for the burst transmission mode of STANAG 3910. Other features 
include a provision to ensure no clock or data outputs during bus idle 
periods and an input multiplexer to accommodate dual transceiver outputs. 


The BUS-63930 provides a full implementation of STANAG 3910 RT J-34 
protocol, including encoder/decoder /FCS logic, mode codes, and error 

handling. Internal registers are included for control of the 3838/3910 

interface, interrupts, time tagging, and self-test. Also provided is a buffered 
processor to HS shared RAM interface (2M x 16 max), arbitration logic, 

and a printer-oriented memory mangement structure. The BUS-63930 

interfaces between a host processor, a STANAG 3838 Terminal such as 

DDC's BUS-61559 AIM HY’ER, high-speed message RAM, a data retiming 

unit (DRU), and a 20 MHz fiber optic transceiver. Packaged in a 180-pin 

PGA, the BUS-63930 incorporates Frame Logic, Monitor Logic, Arbiter 


1.38 x 1.18 x 0.33" 
22 pin hybrid 


Data Retiming Unit J-32 


1.52 x 1.52 x 0.125" 
180 pin PGA 


High-speed 
Remote Terminal 
Protocol Unit 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). Data Bus Products continued. 
* Order directly from Beta Transformers Technology Corporation 
40 Orville Drive Bohemia, NY 11716 (516) 244-7393 FAX: 516-244-8893 
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MIL-STD-1553 
BACKGROUND INFORMATION 


During the 1950s, military aircraft mission requirements 
reached such a level of complexity that they could no 
longer be satisfied with independent and self-sufficient 
electronics (avionics) subsystems. There was a recog- 
nized need for these subsystems to be integrated so they 
could share information and resources. By the mid 60s, 
avionics integration had caused a dramatic increase in the 
complexity of subsystem interfaces and in the size and 
weight of interconnecting cable bundles. Wiring is now so 
complex that modification and system testing are difficult 
and costly. Digital technology offers an obvious 
solution—time division multiplexing on a serial data bus 
(see Fig. 1). 


oF 
KB 


Fig. 1. Point-to-point wiring once used to integrate aircraft avionics, 
resulted in heavy cables and system complexity (above). The 
multiplexed data bus now being used to integrate avionics results 
in simplicity and flexibility. 


In 1968, the SAE A2K Committee, with Tri-Service and 
other industry representation, was formed to generate a 
military standard for multiplexing. MIL-STD-1553— 
Military Standard Aircraft Internal Time Division 
Command/Response Multiplex Data Bus—was issued in 
1973. The current revision, MIL-STD-1553B, came out in 
1978. A tribute to its success is its widespread application 
in military programs—and the ready availability of inter- 
facing components. Avionics integration in these 
applications is flexible, lightweight, and easily tested 
and modified. 


MIL-STD-1553B characterizes all aspects of the data bus 
network—media, transmission technique, protocol, and 
terminal interface. The standard provides specifications 
detailed enough to ensure the interchangeability of equip- 
ment from numerous suppliers but flexible enough to 
allow multiple supplier designs. 


TOPOLOGY AND MEDIA 


A 1553B data network requires a bus topology that allows 
all subsystems coupled to the data bus to have access to 
all transmissions (see Fig. 2). Dual redundant data bus 
media provide fault tolerance with no single point failure 
mechanism. Short stub and long stub terminal coupling to 
the 1553B data bus is transformer-coupled for signal 
common mode rejection and uses isolation resistors for 
fault protection (see Fig. 3). Up to 31 terminals can be 
placed on a 1553B data bus, and each terminal can service 
up to 30 subsystems. 

The data bus travels a shielded twisted pair cable. Its 
characteristic impedance (70 a), attenuation (1.5 dB/100 
ft), and capacitance (30 pF/ft) are specified in 1553B along 
with numerous other parameters. Coupling character- 
istics are also specified—transformer turns ratio (1:1.4), 
input impedance (3ka),common mode rejection (45 dB), 
and data bus voltage (1 to 20 V pk-to-pk). 
MIL-STD-1553B data bus transmissions are serial time 
division multiplex messages in pulse code modulation 
form. Bus traffic is half duplex, hence it travels in one 
direction at a time over one of the dual redundant cables. 
Either cable may be used for any message. Coded infor- 
mation samples are transmitted one bit at a time over the 
data bus. 


The 1553B data bus network functions in a command/ 
response sequence. Access to the data bus is provided 
only when a command is received by a terminal, at which 
time the terminal may respond—but only with the action 
the command requests. Central control of media access is 
the primary operating mode of the 1553B data bus, 
although a form of distributed control, called dynamic bus 
control, is possible. Essentially, dynamic bus control 
allows central control to pass from one terminal to 
another. Transmissions continue ina command/response 
fashion, after bus control has passed. 


DATA BUS PRODUCTS 


FIRE CONTROL 


BUS CONTROL INERTIAL 
NAVIGATION HEAD-UP 


FIRE CONTROL 
pean DISPLAY UNIT 


COMPUTER 


STORES 
MANAGEMENT 


FIRE CONTROL CENTRAL AIR RADAR E/0 TARGET 


RADAR DATA COMPUTER DISPLAY IDENTIFICATION 


SET 


SET, LASER 


Fig. 2. The MIL-STD-1553B data network requires all 
data bus subsystems to have access to all transmissions. 


TERMINALS 


Three types of interfaces between subsystems and the 
data bus are provided—a bus controller, bus monitor, and 
remote terminal unit (RTU). A bus controller initiates 
message transfers on the data bus. A bus monitor receives 
bus traffic and extracts selected information to be used 
at a later time. Any terminal not operating as a bus control- 
ler or bus monitor is a remote terminal unit. 


Terminal interface characteristics detailed in MIL-STD- 
1553 include limits for input and output voltage levels, 
input impedance, waveform fidelity, noise parameters, as 
well as short and long stub coupling conditions. 


CODING METHOD 


Transmissions on the 1553B data bus are coded in Man- 
chester II biphase level form (see Fig. 4). Manchester 
coding is self-clocking with a zero crossing during each 
bit time. Having no DC voltage component, Manchester 
coding is ideal for the transformer coupling requirement 
of 1553B. Its noise rejection properties are superior to 
voltage level coding, since each bit requires a voltage 
transition. Manchester || biphase level coding also offers 
good error detection properties. 


MIL-STD-1553B specifies a transmission bit rate on the 
data bus of 1 Mbit per second with a combined accuracy 
and long-term stability of +0.1%. The short-term (1-s) 
Stability is specified as +0.01%. 

Each word of a 1553B message requires an initial sync 
pattern, which is an invalid Manchester waveform 3 bits 
long. The sync pattern has a voltage transition at 1%-bit 
times. The phase of this sync pattern determines whether 
the waveform is acommand and status waveform or a data 
waveform (see Fig. 5). If the first 1%-bit times are posi- 
tive, it is a command and status type; if the first 1’%-bit 
times are negative, it is a data type. This 3-bit sync pattern 
provides good noise immunity with a small message 
overhead. 


The last bit of a 1553B word is an odd parity bit. Use of a 
single parity bit per word is compatible with undetected 
terminal bit error rate of 10-'? bps. Odd parity therefore 
provides good error detection with a minimum message 
overhead and is easy to implement. 


MIL-STD-1553B requires a 4-us gap between sequential 
messages. This intermessage gap time is measured be- 
tween the mid-bit crossing of the RTU parity bit and the 
mid-sync crossing of the bus controller command sync 
(see Fig. 5). 


Each bus controller command requires an RTU response 
of 4to 12 us. The RTU response time is measured between 
the mid-bit crossing of the bus controller parity bit and the 
mid-sync crossing of the RTU status sync. A terminal must 
wait 14 ws before considering that a no-response condi- 
tion exists. 

MIL-STD-1553B allows three word formats—command 
words, data words, and status words. Each consists of a3- 
bit sync, 16 bits of data, and a parity bit (see Fig. 6). 
Since 1553B uses a central control (command/response) 
protocol, only the bus controller can transmit a command 
word. The command word defines the format of the sub- 
sequent data bus message and contains the 5-bit address 
of the receiving or transmitting terminal, a transmit or 
receive command bit, a5-bit subaddress/mode field, anda 
5-bit word count/mode code field. the subaddress/mode 
field identifies 30 unique subsystem or memory locations. 
If the field contains 00000 to 11111, then a terminal 
management mode command has been received, and the 
subsequent word count/mode code field is interpreted not 
as a word count but as a mode code. 


The data word’s 3-bit sync pattern distinguishes it from 
command and status words. Following the sync field area 
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Fig. 3. The 1553B specs for data bus coupling require the data bus to be 
terminated at both ends, and the terminals to be transformer-coupled to the 
bus through isolation resistors. 
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Fig. 4. Manchester || encoding provides the noise immunity benefits of a self- 


clocking code, with zero transitions during each bit time, and is ideal for 
transformer coupling. 
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Fig. 5. The bus controller must provide a 4-us min gap between messages, 


and the remote terminal status response must be 4 to 12 us. 


16-bit data field and 1 parity bit. There are no restrictions 
on the data field, except that the most significant bit must 
be transmitted first. 


A terminal transmits the status word acknowledgement 
during each message, except a broadcast message. The 
word acknowledgement contains a 3-bit sync field, the 
5-bit address of the transmitting terminal, and numerous 
status bits. Remote terminal status is conveyed with 
message error, instrumentation, broadcast received, and 
terminal flag bits. Subsystem status is conveyed with 
service request, busy subsystem flag, and dynamic bus 
control acceptance flag bits. 


MESSAGE FORMATS 

MIL-STD-1553B provides for three categories of message 
formats—message transfers between two terminals, mode 
commands for termmal management, and broadcasts to 
all remote terminals. Figure 7 illustrates 5 of the 10 
possible message formats. Each message may contain as 
many as 32 data words. 

In bus-controller-to-remote-terminal transfers, the bus 
controller transmits the receive command and data words 
contiguously (no gap). After the elapsed response time, 
the remote terminal acknowledges the status word. Before 
the next command can be executed, there must be an 
intermessage gap. 

In remote-terminal-to-bus-controller transfers, the bus 
controller sends the transmit command. After the elapsed 
response time, the remote terminal transmits the status 
word and data words contiguously. 

Receive and transmit mode commands may contain up to 
one data word. Broadcast commands require all remote 
terminals to receive the message. The data may originate 
from the bus controller or any remote terminal. 


MIL-STD-1553B specifies that the transfer of data bus 
messages be transparent to the user subsystem. Manage- 
ment of data bus traffic is the responsibility of the bus 
controller and remote terminals. Mode commands are 
used by the bus controller as a tool for data bus manage- 
ment and may contain any of the 15 assigned mode codes 
(see Table on page 316). Mode codes are divided into data- 
word and no-data-word categories. 


A number of mode codes are assigned for terminal testing 
and error recovery routines. If the bus controller receives a 
status word response with the message error bit set, it can 
branch to an error handling sequence. Error handling 
sequences may contain mode codes such as transmit 
status word, transmit last command, initiate self-test, 
transmit bit word, or shut down transmitter. If the fault 
condition has been eliminated, normal message transfers 
resume. 


TERMINAL OPERATION 
Each type of terminal provides an interface between the 
serial data bus and the subsystem. Terminal operation can 


be partitioned into functional blocks of transceiver, 
encoder/decoder, protocol, and subsystem interface (see 
Fig. 8). 

The transceiver contains the analog transmitter and 
receiver functions required to interface directly to the data 
bus, and the receiver portion contains the signal limiting, 
filtering, and threshold detection circuits that meet the 
data bus error rate requirements. The transceiver receives 
an analog signal from the transformer and outputs a serial 
digital Manchester coded signal to the decoder. The 
transmitter portion contains the circuits required to drive 
the data bus load with a trapezoidal waveform, as well asa 
timer to prevent “chattering” on the data bus. 


The digital encoder and decoder functions required to 
translate messages to and from Manchester || format 
reside in the encoder/decoder. The decoder also provides 
word error checking on each 20-bit word received. It must 
flag invalid conditions of sync, Manchester coding, bit 
count, and parity. After the decoder validates the word, it 
flags the command/status or data word received and out- 
puts the 16-bit digital word. The encoder controls the 
transmitter and generates the parity bit and command/ 
status or data sync required for the 20-bit word. 

The protocol circuits provide the terminal intelligence 
that manages the data bus transfers. In the receive mode, 
the circuits decode and validate the received address, 
then decode and act upon the received command or status 
word. If the command word is a mode command, the pro- 
tocol circuit initiates appropriate action. Invalid word 
count and message errors are flagged in the protocol cir- 
cuits. In the transmit mode, the protocol circuit formats 
the message, including status and data words. The circuit 
also controls the built-in test function and subsystem 
interface. 

The subsystem interface contains the circuits required to 
transfer messages between the 1553B terminal and the 
subsystem. Typical functions are buffer storage, interrupt 
generation, and timing and control of subsystem hand- 
shaking. 

The MIL-STD-1553B is a mature standard that has been 
imposed on various military programs. Therefore, numer- 
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BIT TIMES 


Ce LefsfeTsfe[efefsfofr} 2} ef] ws] w]v] wf) 0 


DATA BUS PRODUCTS 


SYNC | REMOTE TERMINAL (| T/R| 
ADDRESS 


DATA WORD 


STATUS WORD ae 
SYNC ' REMOTE TERMINAL 
ADDRESS 


MESSAGE ERROR 
NOTE T/R — TRANSMIT RECEIVE 
P — PARITY INSTRUMENTATION 


SERVICE REQUEST 


ao | DATA WORD Ps 


COUNT/MODE CODE 


ryadida 
| | Lt PARITY 
TERMINAL FLAG 


DYNAMIC BUS 
CONTROL ACCEPTANCE 


SUBSYSTEM FLAG 
BU 


SY 
BROADCAST 
COMMAND RECEIVED 


Fig. 6. Word formats allowed by 1553B include command words from bus control- 
lers, status words from remote terminals, and data words from both. 


ous suppliers have introduced components that can be 
used to implement bus controller, RTU, and bus monitor 
functions. The transceiver, encoder/decoder, protocol, 
and subsystem interface functional blocks have been 
implemented with sets of monolithic ICs and hybrid 
circuits. 


Power requirements and circuit complexity have created a 
need for multiple chip 1553B terminals. The requirement 
to drive a 100-mA load at 30 V pk-to-pk has made it 
necessary for bipolar technology to be incorporated into 
1553B transceivers. (By comparison, encoder/decoder 
and protocol circuits have been implemented in low 
power CMOS ICs. The protocol circuit, due to its com- 
plexity, has thus far warranted a separate IC.) 


These multiple IC designs are often packaged in a single 
hybrid circuit—the ILC Data Device remote terminal com- 
ponents, for instance—to meet the small-size require- 
ments of airborne military equipment. 


Summarizing, the success of MIL-STD-1553B as a widely 
used local network standard for the military can be 
attributed to a number of important factors. First off, Tri- 
service as well as industry participation in creating 1553B 
resulted in a consensus of requirements. Secondly, de- 
tailed specifications for the data bus media and terminal 
interface resulted in the interchangeability of suppliers’ 
hardware. And last but certainly not least, imposition 
of the 1553B standard on a number of military programs 
resulted in multiple suppliers. 


NEXT 
RT | 
CONTROLLER-TO- RECEIVE DATA DATA ecco DATA STATUS , COMMAND \ 
RT TRANSFER COMMAND WORD WORD WORD WORD WORD 
Lo INTERMESSAGE GAP 
NEXT @ RESPONSE TIME 

. eR 
Parole TRANSMIT e STATUS DATA DATA ees DATA COMMAND, 
TRANSFER COMMAND WORD WORD WORD WORD L WORD = 

NEXT 
RT-TO-RT RECEIVE | TRANSMIT e * STATUS DATA DATA eee DATA ee STATUS COMMAND) 
TRANSFERS COMMAND } COMMAND WORD WORD WORD WORD WORD LL WORD | 
NEXT 
MODE COMMAND Encrcauaal 
WITH DATA WORD | _ MODE nelle “ * pill er a Fig. 7. MIL-STD-1553B message 
(RECEIVE) COMMAND 0 L J formats include data transmissions 
— 4 between two terminals, mode 
NEXT commands from the buscontroller, 
aan tani and broadcasts to all terminals. 

BROADCAST. o. | Receive | vata | dATA | ogg | DATA COMMAND) 
RT (S) TRANSFER COMMAND WORD WORD WORD L WORD Z 
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Mode Codes for MIL-STD-1553B 


Transmit- Broadcast 
receive Mode Associated command 
bit code data word allowed 
No 


Dynamic bus control 
Synchronize 

Transmit data word 

Initiate self-test 

Transmitter shutdown 

Override transmitter shutdown 
Inhibit terminal flag bit 
Override inhibit terminal flag bit 
Reset remote terminal 

Reserved 

Reserved 

Transmit vector word 
Synchronize 

Transmit last command 
Transmit bit word 

Selected transmitter shutdown 
Override selected transmitter shutdown 
Reserved 

Reserved 


Note: TBD — to be determined 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
0 


Assigned mode codes help the terminals manage data bus message traffic. 


WORD PROCESSOR 


IEEE-488 DATA BUS STANDARD 


INTRODUCTION 


In an attempt to standardize instrumentation interfaces, 
used in Automatic Test Equipment, the Institute of Elec- 
trical and Electronic Engineers has advocated the adoption 
of the IEEE-488-1975 Digital Interface for Programmable 
Instrumentation. 


THEORY OF OPERATION 


Generally, the IEEE-488 Standard is described as a method 
to interface many instruments of various designs and data 
formats to a single predetermined data bus configuration; 
thus facilitating instrument hardware compatibility. This 
is accomplished through 16 hard wire lines and a standard 
connector. Eight lines are used for handling bi-directional 
data transmissions. Three handshake control lines handle 
the required timing of transmissions on the bus. The 
data transfer rate is mandated by the slowest listener in 
the system. Five interface management lines handle the 
remaining functions, such as type and condition of infor- 
mation (command or data) being transferred on the bus. 


MESSAGE PROCESSOR 


SUBSYSTEM 
TA BUS ENCODER/ SUBSYSTEM OR HOST 
dl | asicver [——— meaner, )provocn  )itenrace [5 precesson 


@ Receive © Receive 
Signaling limiting Receiver 
Filter Sync detection 
Threshold detection Data detection 
Manchester error 
e@ Transmit detection 
Driver Parity check 
Transmitter control Bits and word count 
Timer 
® Transmit 
@ Common Transmit control 
Bus coupling Sync and data encode 
Parity generation 
© Clock generation 


BC — Bus Controller 


INTERFACE 
© Receive e Channel selection 
Command word decode 
Status word decode © Data sampling 
rete a © Conversion 
Word count recognition @ Subsystem timing 
Message error detection 
e Buffer registers 
® Transmit 
bbe count (BC) @ Calibration 
‘ ce a cael e Self-test 
e@ | 
apichileia © DMA to host memory 
@ Subsystem interface contro! 
Data address @ Interrupt lines 
Control registers © Control lines 
@ Memory buffer 


Fig. 8. The terminal functional elements that perform data bus interface, word 
processing, and message processing are the transceiver, encoder/decoder, 
protocol, and subsystem interface components. 


See page N-19 for a list of Application Notes available from DDC. 


MIL-STD-1553 excerpt reprinted by permission of Electronic Products, © 1984, Hearst Business Communications, Inc./UTP division Vol. 26/No. 13, March 28, 1984. 


ae B-2200/2300 SERIES 


CORPORATION 


MIL-STD-1553 TRANSFORMERS 
TO DESC SPECIFICATION NO. 21038/27 


FEATURES 


® FULLY QUALIFIED TO DESC 


DESCRIPTION AND APPLICATIONS SPECIFICATION NO. 21038/27 


The military data bus specification, MIL-STD-1553, has brought about the © FOR USE WITH MIL-STD-1553A 
need for versatile pulse transformers that meet all the electrical require- | AND B, MACAIR A-3818, 

ments of Manchester II serial bi-phase data transmission. The B-2200/2300 ae A-5690, A-5232, AND A-4905 
series of transformers provide the turns ratio configurations, component | =~ 

isolation, and common mode rejection ratio charactenstics necessary for e 

MIL-STD-1553A and B compliance. LOW PROFILE 


The step up and down ratios that are available with the B-2200/2300 series ” -55°C 1 + 130°C OPERATING 
complement DDC’s entire MIL-STD- 1553 product line and are compatible : TEMPERATURE RANGE 

with competitor's drivers, receivers, and transceivers. These transformers 

are low profile, modular units that are multi-tapped to accommodate existing - @ BUILT AND TESTED TO MIL-T- 
system configurations. Encapsulated in accordance with MIL-T-21038, ne 21038 AND MIL-STD-202 

their tin coated steel leads conveniently accommodate printed circuit board | 

mounting. Sinusoidal or trapezoidal waveforms are accurately processed, : 

making the B-2200/2300 series of transformers anexcellentchoiceforany | © LISTED ON QPL-21038-31 
MIL-STD-1553A or B application. gas 


® QUALIFICATION VALIDATED 
ANNUALLY 


OVERSHOOT AND 
RINGING + 1V MAX 


E, = 10Vrmsat1MHz = 
Calc: CMR = 20 log = (see note) 


OUT 


ED 


ce 


FIGURE 2. CIRCUIT FOR COMMON MODE REJECTION 


Fou 
(SEE NOTE) 


E, x 100% 
% DROP = =° 
a 


t, = 150ns max. 


E., = 250 kHz square wave, 27.0 volts peak-to-peak with 
FIGURE 1. WAVEFORM INTEGRITY a rise and fall time no greater than 100 ns. 


Calc: Droop = = x 100%. (See figure 4 for E,) 


OUT 


FIGURE 3. CIRCUIT FOR WAVEFORM INTEGRITY 


Note: Input to be applied and output to be measured for all dash numbers as shown. N represents highest turn winding in each test. 
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[TABLE 1. B-2200/2300 SERIES SPECIFICATIONS i s—<—s——CCSCiCiCSY ae ee TABLE 1. B-2200/2300 SERIES SPECIFICATIONS | oo 
| PARAMETER UNIT VALUE | REMARK 


| Case Flame Resistant, DIALLYL PHTHALATE 
| Terminals Copper Clad Steel (soft tinned) 

| Weight Oz (gm) 0.175(5) max 
| Terminal Strength Ibs 2 

: Dielectric Withstanding Voltage Vrms 100 


2 pounds applied force, Method 211, MIL-STD-202, Test condition A 
Method 301, MIL-STD-202 


| Life (expectancy "X") Hrs 10.000 min In accordance with MIL-T-21038 
| Insulation Resistance M Ohm 1,000 min At 250Vdc using method 302, test condition B, MIL-STD-202 
Pulse Width (of Output Pulse) WLS 2 Tested using figure 3 with resulting figure 1 waveform. 
| Overshoot V <1 Tested using figure 3 with resulting figure 1 waveform. 
Rise Time (of Output Pulse) ns < 150 Tested using figure 3 with resulting figure 1 waveform. 
db 45 min 


| Common Mode Rejection 

| Operating Temperature Range 
| Droop 

| DC Resistance 


Tested using figure 2 
-55 to +130 
20 max 


Tested using figure 3 with resulting figure 1 waveform. 
See respective Electrical Characteristics Table 
See respective Electrical Characteristics Table __ 


CONFIGURATION 
1 . . 4 
5 
2 6 
7 
3 8 


CIRCUIT DIAGRAM 


0 625 MAX 
(15 88) 


(SEE. =F 

Table) A 
0 375 
MIN AWG 
(9 53) #24 


0 500 
(12 70) 


0 100 rr: 
(2 54) 0 200 
4PL 
(5 08) 


Notes 
(1) Oimensions are in incnes (mm) 
(2) Unless otherwise specified. tolerance 1s +0010 incnes (0 25 mm) 


TABLE 2. ELECTRICAL CHARACTERISTICS - CONFIGURATION A _ 


BETA P/N| DESC P/N TURNS RATIO | PRIMARY | SECONDARY | “A” (max) | DC HESISTANCED) max IMPEDANCE Q (min 


Sd el  -a -s 
10707 + 3% 0.300 4-8 3.0 es 
+ 3% 1-3 $7 0.250 4-8 3.0 7,200 
B-2204 | M-21038/27-03 a + 3% 1<3 1-3 3.2 (1-3) 
| 3.2:1 + 3% 1.3 5-7 0.300 4-8 3.0 3.000 
| B-2385 | M-21038/27-10 | 2.121 +3% 4-8 1-3 1-3 1.0 (4-8) 
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1 2 
{ 

3 4 

5 : rs 


CIRCUIT DIAGRAM 


0 500 MAX 
(12 70) 


0 250 
MAX 
(6 35) 0 08 (2 0) 
om api 
IN 
, 0 100 - 
(9 53) (2 54) me 


= Q 200 
(5 08) 
Notes 


(1) Dimensions are in inches (mm) 
(2) Uniess otherwise specified. tolerance !s +0.010 inches (0.25 mm 


TABLE 3. ELECTRICAL CHARACTERISTICS - CONFIGURATION B 
BETA P/N TURNS RATIO | PRIMARY | SECONDARY | DC RESISTANCE‘)(max IMPEDANCE {) (min) | 
B-2207 M-21038/27-06 | 1:1 +3% 1-5 2-6 1-5 2.5 (1-5) | 
| 2-6 2.8 3,000 | 
B-2208 M-21038/27-07 1:17.41 £3% 1-5 2-6 1-5 2.2 (2-6) | 
2-6 2.7 3,000 
M-21038/27-08 1:1.66 +3% 


M-21038/27-09 liz £3% 


] 3 


2 
CIRCUIT DIAGRAM 


4 


0 500 MAX 
(12 70) 


_ 
0 250 
MAX 
ier) 0 08 (2 0) 
034 7 
(8 6) 
0375 
MIN : 
AWG 
(9 53) ms 
0 200 
'(S 08) 
Notes 


(1) Dimensions are in inches (mm) 
(2) Unless otherwise specified. tolerance is +0.010 inches (0.25 mm) 


“TABLE 4. ELECTRICAL CHARACTERISTICS - CONFIGURATION C_ 
BETA P/N PRIMARY | SECONDARY | DC RESISTANCE()(max 


B-2206 M-21038/27-05 11.41 +3% 3-4 12 32 (3-4) 
re tl | 3-4 27 3,000 
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Circuit diagram for dash numbers 


625 -11, -12, -13, and -15 
MAX = 2 6 -=—r 
| | 
. 200 ——— \— 100 TYP 
' | 4 PLACES SIG P 
|; ee { St ae | <| 4 
<| 
2 @———_ 6 
p— AWG #24 i) 8 
5 Ge 7 


/ 8 PLACES .032 R— 


TYP / A 
t Circuit diagram for dash number -14 
y 
/ 


| ' in) MAX 
|. ee re el Notes 
| | l I (1) Dimensions are in inches 


_— mt— 070 +.015 — .904 MIN (2) Unless otherwise specified. tolerance is +0.010 incnes 


TABLE. 5. ELECTRICAL ‘CHARACTERISTICS - = - CONFIGURATION D_ 


| BETA P/N DESC P/N TURNS RATIO PRIMARY | SECONDARY | DC RESISTANCE‘ )(max IMPEDANCE 2 (min 


1:1 
1:0.707 + 39% 


1.4:1 £3% . “s 
= 3% 1-3 


166:1 +3% 1-3 5-7 4-8 3.0 sot | 
3.2:1 +3% 5-7 - 
B-2390 M-21038/27-15 212:1 +3% : 


jo | 
So E 4 ———— 
pares — 2 6 EE Circuit diagram for dash numbers 
} -16, -17, -18, and -20 
.200 ——— tte TYP 
4 PLACES 5 
1 4 => | 4 
6 
—se| - 500 —— 8 
| MIN 
7 
| ae | 
| | Circuit diagram for dash number -19 
i | 275 
a ee MAX 
\ | .137 2.020 
‘ | Notes 
\ eee I I (1) Dimensions are in inches 
8 PLACES (2) Uniess otherwise specified. tolerance is +0.010 inches 


Wi 23K 
1,0:707 = 3% 
1art -23% 
2:1 43% 
M-21038/27-18 V2a1 23% 
166:1 =3% 
M-21038/27-19 2:00) 23% 
3.2:1 +3% 
M-21038/27-20 Ziel. Low 
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CORPORATION 


BUS TRANSFORMERS 
MIL-STD-1553 DATA BUS 


ISOLATION TRANSFORMERS 


DESCRIPTION AND 
APPLICATIONS 


The military Data Bus Specification, 
MIL-STD-1553, has brought about the 
need for versatile pulse transformers 
that meet all the electrical require- 
ments of Manchester II serial bi-phase 
data transmission. The BUS-25679, 
BUS-27765 and BUS-29854 provide 
all of the turns ratio configurations, 
component isolation and common 
mode rejection ratio characteristics 
necessary for MIL-STD-1553 A and B. 


The step up and down ratios, available 
with these transformers, complement 
our entire product line and are com- 


patible with competitive drivers, re- 
ceivers and transceivers (contact the 
factory for details). The transformers 
are low profile, modular units that are 
multi-tapped to accommodate existing 
system configurations. They are 
encapsulated in accordance with MIL- 
T-21038. Their tin coated steel leads 
conveniently accommodate printed 
Circuit board mounting. They accu- 
rately process sinusoidal or trapezoi- 
dal waveforms, in accordance with 
MIL-STD-1553 A and B and 
McDonnell Douglas specifications A- 
3818, A-5690, A-5232 and A-4905. 


FEATURES 


e MANCHESTER I!, BI-PHASE, 
1MHz OPERATION 


e FOR USE WITH MIL-STD-1553 A 
AND B AND MACAIR 
SPECIFICATIONS A-3818, 
A-5690, A-5232 AND A-4905 


e 8 PIN, LOW PROFILE PACKAGE 


© OPERATING TEMPERATURE: 
-55°C to +125°C 


MECHANICAL OUTLINE 
(BUS-25679, BUS-27765 & BUS-29854) 


TERMINAL 
IDENTIFICATION 
THIS SIDE 


.250 MIN 


DIMENSION TABLE 


BUS-25679 BUS-27765 BUS-29854 


A = 0.275 in. A = 0.300 in. A = 0.275 in. 
(7mm) (7.6mm) (7mm) 


Notes 
1. Dimensions are maximums unless otherwise noted. 
2. All dimensions are in inches (millimeters). 
3. Pin callouts on bottom view are for reference only. 
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TURNS RATIO TABLE 


5,7 , 127707 
(1.4: 1) 


| 
iCe : 
| 
| 7 
| 
2 6 
| 
| : 
4 
3 | 


FIGURE 1. TURNS RATIO DIAGRAM 


BOS |. BUS TRANSFORMERS 


CORPORATION 


SPECIFICATIONS 


PARAMETER UNITS VALUE 


FREQUENCY RESPONSE 
Operating Range KHz 250 to 3000 10 to 3000 250 to 3000 
Self Resonance MHz 40 min 40 min 40 min 


ELECTRICAL REQUIREMENTS 
Terminals 1,3 & 4, 8 
Winding Resistance (RDC) 
Interwinding Capacitance 
Winding Inductance 
(LM) 
(LL) 


PEAK TO PEAK VOLTAGE 

Terminals 1, 3 Vpp 60 max 39.2 max 60 max 
PEAK PULSE CURRENTS (AC) 

Terminals 1, 3 (primary) mA 180 max 180 max 


DROOP 
3 us Pulse Duration 
140] Load Across 
Terminals 4-8 10 max 
DECAY TIME 
140Q Load Across 
Terminals 4-8 25 max 
BACKSWING 
Across 140] Load 
Terminals 4-8 


TURNS RATIOS 
Terminals 
1,3:4,8 
1,3: 5, 7 
2:6 
Winding Tolerance 
TEMPERATURE REQUIREMENTS 
Operating (ambient) -55 to +125 -55 to +125 -55 to +125 
Storage -55 to +130 -55 to +130 -55 to +130 


PHYSICAL CHARACTERISTICS 
Size i 0.63 x 0.63 x 0.275 0.63 x 0.63 x 0.300 0.63 x 0.63 x 0.275 


(16x 16x 7 mm) (16 x 16 x7.6 mm) (16x 16x 7 mm) 
Weight 0.1 (3g) 0.1 (3g) 0.1 (3g) 


“ . lf 


c 3 
a fe 


TECHNICAL INFORMATION ORDERING INFORMATION 

For the purpose of illustration, pins 1-3 represent the pri- 

mary winding for each transformer (See Figure 1). In all ORDER: BUS-25679, BUS- 27765 or BUS -29854 
applications the BUS-25679 may be used for long stub 

Eonneenene as illustrated in Figure 2. The secondary NOTES: 1.Consult Figure 2 for correct unit for application. 
mined . EONNBETES ie the Data Bus through two fault 2. Consult factory for competitor cross reference 
isolation resistors for direct, or to another transformer for  oeniation 

long stub connections as shown. Please note that the 

transformers connected to the BUS-8553, BUS-8559 and Transformers fully qualified to DESC Drawing No. 82030 are 
BUS-63105 series transceivers require that their primary available. Consult factory for data sheet B-2200 SERIES. 


center tap winding be grounded. 
Specifications are subject to change without notice. 
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BUS-1555 


MIL-STD-1553 MANCHESTER II DECODER 


FOR TEST EQUIPMENT 


DESCRIPTION AND APPLICATIONS 


Providing enhanced bit error capability 
and precise message error detection, 
the BUS-1555 Manchester I! Decoder 
Module avails itself to a wide range of 
applications. The decoder is encap- 
sulated in a 3.1 x 2.6 x 0.8 inch 
module and is compatible with re- 
ceivers designed to meet MIL-STD- 
1553 A/B, DDC Models BUS-63105 
and BUS-8559 are directly compatible 
with this decoder. 


The BUS-1555 will sample Manchester 
Il input data at 16 MHz, which im- 
proves bit recognition and overall 
system capability. Error flags are 
provided for low and high bit count, 
odd parity and Manchester II phasing 
errors. Control logic outputs include 


LINE 
ACTIVE 


RX DATA | 


| 
| 


=f 


FRAME 
PULSE 


+5 VDC 


GROUND 


16 MHz 
OSCILLATOR 


Line Active, Frame, Sync Detector, 
Sync Type and Load Data Pulses. 
Internal logic may be initialized by 
means of the Reset Input function (see 
figure 1). The power supply input 
range is +4.5V to +5.5V and nominal 
power dissipation is 2.5 watts. The 
input is biphase TTL complementary 
serial data, which is decoded and out- 
put as both 16 bit TTL parallel and 
NRZ serial data. 


The BUS-1555 is well suited for use in 
MIL-STD-1553 test equipment and as 
a data bus monitor terminal where 
subsystem listening devices are used. 
Applications include both ground and 
on board avionics system. 


SYNC SYNC 
TYPE OETECTOR 


SYNC PARITY 
DETECTOR - CHECK 


PARITY 17 
ERROR FLAG 


PARALLEL 
SHIFT REGISTER 


17 BIT 
MANCHESTER SERIAL TO 
CONVERTER 


es 


MANCHESTER 


VALIDATE 
CIRCUIT 


LOAD MANCHESTER 
DATA I 


16 MHz 
CLOCK 


COUNTER 


se 


FEATURES 


@ 16 MHz CLOCK RATE 


@ ERROR FLAGS FOR 
SYNC 
MANCHESTER /! ERROR 
HIGH AND LOW BIT COUNT 


@ CONFORMS TO MIL-STD-1553 
A&B 


@ 16 BIT PARALLEL AND NRZ 
SERIAL OUTPUTS 


LO BIT COUNT 


HIGH BIT COUNT 


SERIAL DATA OUT (NAz) 


16 PARALLEL OUTPUT 
BITS (RDO-RD15) 


as DECODER SHIFT CLOCK 


RESET 
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PULSE 


FIGURE 1. 


ERROR 


BLOCK DIAGRAM 
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ILC DATA DEVICE 
CORPORATION 


BUS-1555 


A Manchester error at any bit time takes highest priority. 
It causes the low bit count error flag to be inhibited, the 
Manchester error flag to be activated, and a Load Data 
pulse to appear at the end of the frame. 


It is to be noted that the BUS-1555 continues to monitor 
the input for valid sync after the error checking sequence 
has begun. As a result of this this, a bit time ending with 
no Manchester transition present, and 1.5 usec elapsed since 
the last Manchester transition, will be interpreted as half of 


not be incremented, and if the second half of the sync field 
doesn't occur, a low bit count error flag will result. If a bit 
time ends with no Manchester transition present, and 
1.0 usec elapsed since the last Manchester transition, a 
Manchester error flag will result. 


The valid word indicator is referred to as the 17 flag. This 
flag is activated when there are 16 data bits plus 1 parity bit 
valid Manchester transitions. The Parity Error flag is only 
valid when the 17 flag has been activated. 


a sync field. Under these conditions the bit counter will 


MECHANICAL OUTLINE 
Dimensions in inches (millimeters) 


BOTTOM VIEW 


SIDE VIEW 
82 


2.625 +.015 .250 (6.4) (21) 
y ey e—e—_—_—_—XS—SsSNs——*_> 
(67 +0.4) aly) | (MAX) | 
i RDO @ 
e RD1 #8 
‘ RD2 @ 
® RD11 RD3 & 
® RD10 RD7 = 
oO = RDS RD6 @ 
rr = RDO RDS #8 
N ® RD12 RD4 & 
— ® RD13 SYN DET 8 
-—cs = RD14 HI BITCOUNT & 
css ® RD15 17 FLAG @ 
+ 1 Oo ® RX DATA + | 3.125 +.015 
oud ; a 
So2 Se RAEAIA 'eMHz = | (79 40.4) 
esc + PARITY ERROR @ 
Bo + LOBITCOUNT a ' 
oN “ MAN IIERROR @ 
< + + 
a. 
” - + 
= » LINE ACTIVE & 
+ DEC SHIFTCLOCK sm 
.100 (2.6) : : 
LAAs @ SYNC TYPE + 
| + LDPULSE @ 
+ NRZ & | 
A ® FRAME PULSE + 
.262 +.020 | | SQUARE PIN 
(6.7 +0.5) .025 +.001 (TYP) 
162 (4.1) —> a reer (0.6 +0.3) 
+.020 (+0.5) eee 


ORDERING INFORMATION 


BUS-1555 
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DESCRIPTION 


The BUS-1556 MIL-STD-1553 En- 
coder 
featuring capability for generating a 
number of different error types. The 
Manchester encoder is encapsulated 
in a 3.1 x 2.6 x 0.8 inch module and 
is compatible with transmitters design- 
ed to meet MIL-STD-1553 A/B. (DDC 
models BUS-63105 and BUS-8559). 


The BUS-1556 converts 16-bit parallel 
input data to a Manchester || encoded 
serial output. All timing is derived 
from an externally supplied 2 MHz 
clock. The encoder outputs error-free 
data words or it may be pin pro- 
grammed to output words containing 
one or more encoding errors. The 
errors generated by the BUS-1556 
include Manchester II error in any of 
the 16 data bits, and parity bit posi- 
tions; parity error, long word (one 


2 MHZ 

MAST RESET 

ENC ENABLE 

T LOAD 

ENC ACTIVE 

LONG WD ENABLE 
SHORT WD ENABLE 


SYNC SELECT 
SYNC ERR ENABLE 
SYNC ERR POS 


PARALLEL DATA IN 
MAN ERR ENABLE 


MAN ERR POS 


+5 VDC 
GND 


PAR COUNT ERR 
PAR MAN ERR 
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is a versatile building block, 


wt 


extra bit) error, short word (one miss- 
ing bit) error, and two different forms 
of sync field errors. 


A Master Reset pin for initialization, 
an Encoder Enable input, an Encoder 
Active and T Load outputs are pro- 
vided for handshaking with a parallel 
subsystem. Complementary bi-phase 
serial data output is provided via the 
TX DATA and TX DATA pins. The 
power supply input range is +4.5 V to 
+5.5 V and nominal power dissipation 
is 2.5 watts. 


APPLICATIONS 


The BUS-1556 is intended for use in 
test fixtures as well as in Automatic 
Test Equipment (ATE) for testing 
MIL-STD-1553 A/B monitors, bus 
controllers and remote terminals. Ap- 
plications include both ground support 
and on-board avionics systems. 


TIMING 
AND 
CONTROL 


SYNC 


SYNC 
ERROR 
ENCODER 
MANCHESTER DATA 40-BIT 
ERROR SHIFT 
ENCODER REGISTER 
PARITY 
ERROR 
ENCODER 


BUS-1556 


MIL-STD-1553 ENCODER 
Generates Errors For Test Equipment 


FEATURES 


@ ENCODES PARALLEL DATA 


INTO SERIAL MANCHESTER 


@ ERROR GENERATION CAPABILITY: 
MANCHESTER CODING ERROR 


PARITY ERROR 

HIGH BIT COUNT ERROR 
LOW B/T COUNT ERROR 
SYNC FIELD ERROR 


@ CONFORMS TO MIL-STD-1553 
A AND B 


@ USED IN TEST SYSTEMS WITH 


BUS-1555 DECODER 


| 
ENABLE | 


TX DATA 
DRIVER 
TX DATA 


FIGURE 1. BUS-1556 BLOCK DIAGRAM 


an B US-1 556 


CORPORATION 


TEST METHODS 


BUS-1556 converter modules are high quality products 
whose semiconductor components are hermetically 
sealed. These modules will meet the specific test 
methods and conditions of MIL-STD-202E shown un- 
less alternative methods are specified by the customer 
in his procurement documentation. 


MECHANICAL OUTLINE 
Dimensions in inches (millimeters) 


82 
2.625+ 015 .250 (6.4) (21) 
| (67+0.4) a (MIN) ‘MAK 


® PARER + 
® PAR MAN ER + 
+ + 
® BIT 16 ¢ 
* 15 + 
® 14 ENC ENABLE ® 

8 s 13 TLOAD ® 

A e 12 LONG WD ® 

4 fe 11 SHORT WD & 

eo = * 10 + 

85 e 9 : 

" r 

8 o S e : + | 3.125+.015 

© 41 s 6 SYNC ERROR @ | (79+0.4) 

ws rs © e 5 TX DATA ®& 

> ae w 4 MAST RESET @ ; 

73 ® 3 ¢ 

© s 2 +5V @ 

° epiT 1 GND 8 
® SYNC ER POS SYNC SEL 8 
e Tx DATA ¢ 
® MAN ER ENC ACT 8 
® MP3 + 
@ MP2 + 
@ MP1 2MZ ® 
® MPO . | 

, mi PIN 

5+ 001 (TYP 
262+ 020 _ 2.3004 010 ae pee 
(6.7+0.5) (58.0+'0.25) 
162 (4.1) 
+020 +05) 


BOTTOM VIEW 


ORDERING INFORMATION 


BUS-1556 


C-ABR 
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BUS-61553 


MIL-STD-1553 ADVANCED INTEGRATED 


DESCRIPTION 


DDC’s BUS-61553 Advanced Integra- 
ted Mux (AIM) Hybrid is a complete MIL- 
STD-1553 Bus Controller (BC), Remote 


Terminal Unit (RTU), and Bus Monitor 
(MT) device. Packaged in a single 78 
pin DIP package, the BUS-61553 con- 
tains dual low-power transceivers, com- 
plete BC/RTU/MT protocol logic, a MIL- 
STD-1553-to-host interface unit and an 
8K x 16 RAM. 


Using an industry standard dual trans- 
ceiver and standard status and control 
signals, the BUS-61553 simplifies sys- 
tem integration at both the MIL-STD- 
1553 and host processor interface 
levels. 


All 1553 operations are controlled 


BUS- 25679 


RX 


a 25679 


TIME our a 


| 
! 
I —. 
' | 
t—-—-—- — | 8Kx1 
TRANSFORMER B 
RAM 


through the CPU access to the shared 
8K x 16 RAM. To ensure maximum de- 
sign flexibility, memory control lines are 
provided for attaching external RAM to 
the BUS-61553 Address and Data 
Buses and for disabling internal mem- 
ory; the total combined memory space 
can be expanded to 64K x 16. All 1553 
transfers are entirely memory-mapped; 
thus the CPU interface requires minimal 
hardware and/or software support. 

The BUS-61553 operates over the full 
military —55°C to +125°C temperature 
range. Available screened to MIL-STD- 
883, the BUS-61553 is ideal for de- 
manding military and industrial micro- 
processor to 1553 interface applications. 


TRANSCEIVER A 


INH : 


CHANNEL A 


MUX (AIM) HYBRID 


FEATURES 


@® COMPLETE INTEGRATED MUX 
INCLUDING: 
— LOW POWER DUAL 
TRANSCEIVER 
— BC/RTU/MT PROTOCOL 
— 8K x 16 SHARED RAM 
— INTERRUPT LOGIC 


@ COMPATIBLE WITH MIL-STD-1750 
AND OTHER STANDARD CPUs 


@ DIP OR FLATPACK HYBRID 
@ MINIMIZES CPU OVERHEAD 


e PROVIDES MEMORY MAPPED 
1553 INTERFACE 


@ ON-LINE & OFF-LINE SELF-TEST 


© /BM PC® DEVELOPMENT 
TOOLS AVAILABLE 


@SEAFAC TESTED 


CLOCK IN 


MSTRCLR 


ENCODER/ psa 
PROTOCOL 
CONTROLLER 


CHANNEL B 
ENCODER/ 


6 
SHARED RAM 


DECODER 


TRANSCEIVER B 


Note. The Watch-Dog Time Out (768 4:5 typ ) 1s builtin 


eae | 
eae | 


PARITY 
CHECKER RT ADDR 


SELECT 
STRBD 
READYD 
RD/WR 
MEM/REG 
EXTEN 
EXTLD 


(en 


(en wT 


+~———- RTADO 
+———- RTAD 1 
———  RTAD2 
——— RTAD3 
———  RTAD4 
~——— RATADP 
RTPARERR 


FIGURE 1. BUS-61553 BLOCK DIAGRAM 


®IBM PC is a registered trademark of International Business Machines Corporation. 


J-20 


we B US-61 553 


CORPORATION 


TABLE 8. BUS-61563 FLATPACK PIN FUNCTIONS 
| PIN | FUNCTION | PIN FUNCTION 
NC 


0.25 MAX 


2.100 
(53) A) 
| “a rng os 0.250 
1.800 | 0.050 ; (6.3) 
~~ ” (46) —+| (1.3) 


1 NC 1 ©200000000000000G0 |20 

9 p00 TX/RX-A 0000000000000000 

3 DO1 TX/RX-A ve 

4 DO2 —15VA (42) 

5 DO3 +OV (76) 

6 D04 GNDA REFERENCE 0.075 TYP 

7 DO5 TAGEN 9) 

8 DO6 EXTLD 

9 DO7 READYD *° 96000000000000000000 
10 D08 RD/WR 9120900000000000000000 |, = 
11 DO9g SELECT a (2-5) yy) O.056DIA GLASS lao We PIN a 
i ae aay BEAD (78 PLACES) (78PLACES) (2.8) 
14 D12 STRBD BOTTOM VIEW SIDE VIEW 
be th a REG Note: Dimensions are in inches (millimeters). 

/ 
o. eer Hie FIGURE 34. MECHANICAL OUTLINE (DDIP) 
19 RTAD3 INCMD 
20 RTADO MEMENA-OUT 
21 RTAD2 MEMENA-IN SoaiMNNINE ——| 
22 RTAD4 MEMOE : 
23 RTADP MEMWR ~ a 
24 ILLCMD A15 iekecs 
25 SA/MC-2 A14 0.050 = 2.000 
26 | SA/MC-0 A13 CONTRASTING. M27 508) 
27 SA/MC-4 Al D) COLORED BEAD 
a | Loa sv x Em 
: 0 
30 SA/MC-1 AO9 REF. ONLY 
31 THIS-RT A08 ; 0.015+0.003 
as 0 095 (REF)! ' es 

32 BCSTRCV A07 (2.413) | (0.38 + 0.076) 
33 RTPARERR A06 7 
34 LMC A05 eres Se ~o 
35 TR A04 (4.34) 0.080 0.010 + 0.002 
oe ae ee 
37 +5VB A02 i a a SIDE VIEW t 
38 GNDB A01 
39 TX/RX-B A0O . . _ | 
40 TX/RX-B LOGIC GND Note: Dimensions are in inches (millimeters). 
41 NC NC 


FIGURE 35. MECHANICAL OUTLINE (FLATPACK) 


ORDERING INFORMATION 
BUS-61553-883B 


Reliability Grade: 


883B = Fully compliant with MIL-STD-883. 


B= Screenedto MIL-STD-883 but 
without QCI testing. 


Blank= 0° to 70°C 


Power Supply: 


3= -—15V Transceivers 
4= -—12V Transceivers 
5 = +5V Transceivers — Call Factory 


6 = Transceiverless — use with 
BUS-63102 II — Call Factory 


Packaging: 
5= DDIP 
E-ABR 6= Flatpack 
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BUS-61555 


DESCRIPTION 


DDC’s BUS-61555 Advanced Integrated 
Mux (AIM) Hybrid is a complete MIL- 
STD-1553 Bus Controller (BC), Remote 
Terminal Unit (RTU), and Bus Monitor 
(MT) device requiring only a +5 volt 
power supply. Packaged in a single 78 
pin DIP package, the BUS-61555 con- 
tains dual low-power transceivers, Com- 
plete BC/RTU/MT protocol logic, a 
MIL-STD-1553-to-host interface unit and 
an 8K x 16 RAM. 


Using an industry standard dual 
transceiver and standard status and con- 
trol signals, the BUS-61555 simplifies 
system integration at both the MIL-STD- 
1553 and host processor interface levels. 


The CPU controls all 1553 operations by 


PLEASE REFERENCE BUS-61553 


DATA SHEET FOR TIMING 
SPECIFICATIONS 


accessing the shared 8K x 16 RAM. To 
ensure maximum design flexibility, 
memory control lines are provided for at- 
taching external RAM to the BUS-61555 
Address and Data Buses and for disa- 
bling internal memory; the total combined 
memory space can be expanded to 64K 
x 16. All 1553 transfers are entirely 
memory-mapped; thus the CPU interface 
requires minimal hardware and/or 
software support. 


The BUS-61555 operates over the full 
military -55°C to +125°C temperature 
range. Available screened to MIL-STD- 
883, the BUS-61555 is ideal for demand- 
ing military and industrial microprocessor 
to 1553 interface applications. 


MIL-STD-1553 ADVANCED INTEGRATED 


MUX (AIM) HYBRID 


FEATURES 


@ +5 VOLT ONLY 


© VERY LOW POWER 


® COMPLETE INTEGRATED MUX 
INCLUDING: 
-LOW POWER DUAL 
TRANSCEIVER 
-BC/RTU/MT PROTOCOL 
-8K x 16 SHARED RAM 
-INTERRUPT LOGIC 


© COMPATIBLE WITH MIL-STD-1750 
AND OTHER STANDARD CPUs 


@ MINIMIZES CPU OVERHEAD 


© PROVIDES MEMORY MAPPED 
1553 INTERFACE 


@ ON-LINE AND OFF-LINE SELF- 
TEST 


® JBM PC ® DEVELOPMENT 


BUS- 41429 


TOOLS AVAILABLE 
BUS- 41429 TRANSCEIVER A 
ae: | 
DATA | 2! | CLOCK IN 
BUSA : 
4 3 = 
MSTRCLR 
: 1 CHANNEL A 
aeneaclasiicekas ENCODER/ MEMORY SE 
TRANSFORMER A | led DECODER TIMING LECT 
| STRBD 
| READYD 
RX RD/WR 
| MEM/REG 
| CONTENTION EXTEN 
- INTERRUPT — 
768 us ———— eaeeron| iNT 
| 


We — 


a 
TRANSFORMER B 


TRANSCEIVER B 


Note: The Watch-Dog Time Out (768 us typ.) is built in 


8Kx 16 
SHARED RAM 


CHANNEL B 
ENCODER’ 
DECODER 


®IBM PC is a registered trademark of International Business Machines Corporation. 
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PARITY 
CHECKER 


~———— RTADO 

<~———— RTAD 1 

~—— RTAD2 
RT ADDR 

+—— RTAD3 

—— RTAD4 

<~———— RTADP 


RTPARERR 


FIGURE 1. BUS-61555 BLOCK DIAGRAM 


che B U S-61 555 


CORPORATION 


TABLE 1. BUS-61555 SPECIFICATIONS 


ege . 


Specifications at nominal power supply voltages. 


TABLE 2. BUS-61555 PIN OUTS 


PARAMETER VALUE 1 | Doo TX/RX-A 
RECEIVER : sta ae 
Differential Input Voltage Vp-p 40 max 4 DO6 D05 
Differential Input Impedance K Ohms | 7 min 5 D08 D07 
CMRR 40 min 6 D10 Dog 
TRANSMITTER (Direct Coupled) * 7 D12 D11 
Differential Output Voltage 6.0 min, 9.0 max 8 D14 D13 
Output Rise and Fall Times 100 min, 300 max RTAD1 D15 
Output Offset Voltage +90 max RTADO RTAD3 
RTAD4 RTAD2 
ILLCMD RTADP 
SA/MC-0O SA/MC-2 
LOGIC +5V SA/MC-4 
SA/MC-1 SA/MC-3 
BCSTRCV THIS-RT 
POWER SUPPLIES LMC RIPARERR 
+5V (Logic) V +5+10% NC T/R 
+5VA (Chan A) V +5+10% GNDB +5VB 
+5VB (Chan B) V +5+10% TX/RX-B TX/RX-B 
LOGIC GND AOO 
Current Drain (Total Package) (Typ)/max A011 A02 
Idle (70)/160 A03 A04 
25°o Duty Cycle mA (205)/310 AOS AO6 
50°0 Duty Cycle (340)/460 A07 A08 
100° Duty Cycle (610)/760 AO9 A10 
A111 Ai2 
TEMPERATURE RANGE A13 A14 
Operating (Case) —§5to +125 A15 MEMWR 
Storage +6510 +150 MEMOE MEMENA-IN 
MEMENA-OUT INCMD 
oo CHARACTERISTICS CLOCK IN MSTRCLR 
78 pin DIP in 2.1x1.87x0.25 wee 
(53 x 47.5 x 6.4) STRBD lIOEN 
82 pin Flatpack in 2.19x1.6x1.7 EXTEN SELECT 
(55.6 x 40.6 x 4.34) RD/WR READYD 
Weight 1.0 EXTLD TAGEN 
(29) GNDA +5VA 


TX/RX-A 


* Given for direct Coupled Outpul across 35 ohms. 


ORDERING INFORMATION 
BUS-61555-883B 


Reliability Grade: 


883B = Fully compliant with MIL-STD-883. 


B= Screenedto MIL-STD-883 but 
without QCI testing. 


Blank= 0° to 70°C 


PIN NO'S 
ARE FOR 
REFERENCE 


60 
C0000 00NN000C00000000 
loletozotzoyvoleoyeojejojolelejelejlejejejeje) 46 


21 


0 100 TYP ~ f 
<o— (2.5) 0.056 DIA GLASS 0.018 DIA PIN 
(TOL NONCUM) (1 4) (0 5) 011 
BEAD (78 PLACES) (78 PLACES) (2 8) 
BOTTOM VIEW SIDE VIEW 


Note: Dimensions are in inches (millimeters). 


FIGURE 2. MECHANICAL OUTLINE (DDIP) 
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BUS-61559 SERIES 


MIL-STD-1553B NOTICE 2 
ADVANCED INTEGRATED MUX HYBRIDS 
with ENHANCED RT FEATURES (AIM-HY’er) 


DESCRIPTION 
DDC’s BUS-61559 series of Ad- The BUS-61559 contains internal ad- 
vanced Integrated Mux Hybrids withen- _dress latches and bidirectional data buf- 
hanced RT Features (AIM-HY’er) __ fers to provide a direct interface to a host 
comprise a complete interface between a —_ processor bus. Alternatively, the buffers 
microprocessor and a MIL-STD-1553B may be operated in a fully transparent 
Notice 2 bus, implementing BusControl- _mode in order to interface to up to 64K 
ler (BC), Remote Terminal (RT), and words of external shared RAM and/or 
Monitor Terminal (MT) modes. Pack- connect directly to DDC’s component set 
aged in a single 78-pin DIP or 82-pin flat supporting the 20 MHz STANAG.3910 bus. 
package, the BUS-61559 series contains The memory management scheme for 
dual low-power transceivers and en- RT mode provides an option for separa- 
coder/decoders, complete BC/RT/MT _ tion of broadcast data, in compliance 
protocol logic, memory managementand — with 1553B Notice 2. A circular buffer 
interrupt logic, 8K x 16 of shared static option for RT message data blocks off- 
RAM, and a direct, buffered interface to loads the host processor for bulk data 
a host processor bus. transfer applications. 

The BUS-61559 includes a number of Another feature, besides those listed to 
advanced features in support of MIL- the right, is a transmitter inhibit control 
STD-1553B Notice 2 and STANAG for the individual bus channels. 

3838. Other salient features of the BUS- The BUS-61559 series hybrids 
61559 serve to provide the benefits of operate over the full military temperature 
reduced board space requirements, en- range of -55 to +125°C and 883B 
hanced software flexibility, and reduced _ processing is available. The hybrids are 
host processor overhead. ideal for demanding military and industrial 
microprocessor-to-1553 applications. 


1 CLK IN (16 MHz) 
i 


DATA (PROCESSOR 
MEMORY DATA DATA) 


page (PROCESSOR 
ADDRESS DORESS) 
LATCHES/ 


FEATURES 


® Complete Integrated 1553B 
Notice 2 Interface Terminal 


® Functional Superset of BUS-61553 
AIM-HY Series 


@ /nternal Address and Data Buffers 
for Direct Interface to 
Processor Bus 


© RT Subaddress Circular Buffers to 
Support Bulk Data Transfers 


® Optional Separation of RT 
Broadcast Data 


® /nternal Interrupt Status and Time 
Tag Registers 


® Internal RT Command Iilegalization 
® 883B Processing Available 


\ 
(ILLEGALIZATION ILLENA 


ENABLE) 
1 
ef LOW-POWER 
TRANSCEIVER 
an A 
3 - 
| 


TX_INH_A 
| 


; PROTOCOL 
BUS 25679 | 


1 
9 LOW-POWER 
| TRANSCEIVER 
=| 8B 
3 — 


5 BUFFERS* ADDR LAT (ADDRESS 
| = LATCH 
CONTROL) 
1X _INH.B— 
TRANSPARENTSUFFERED, MSTCLR, 
ay RooneSs. He ee STRBD, SELECT, MEWREG, ROWA 
aD (PROCESSOR 
| JOEN, READYD \ CONTROL) 
(BROADCAST | BRO_ENA a 
ENABLE) eid 
MANAGEMENT Se, ae 
| =r SHARED MEMEN-OUT, MEMWR, MEMOE 
= RAMPROCESSOR (MEMORY 
(RTFAIL | INTERFACE, ME MENA-IN CONTROL) 
‘ INT. ARUPT LOGIC Susie 
ATFLAG) | rTaWTe SSFLAG (SUBSYSTEM 
FLAG) 
(BROADCAST, TAGCLK (TIME TAG 


eeteeeees Seas, See CLOCK) 
BCSTRCV, CMD_STR, TXDTA_STR 


RXDTA_STR, MSG_ERR, INCMD 


FIGURE 1. BUS-61559 BLOCK DIAGRAM 


TIMING, DATA 
STROBE AND 


| 
MESSAGE | 
| 
ERROR INDICATORS) 
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HS BUS-61559 SERIES 


CORPORATION 


TABLE 4. 
PIN ASSIGNMENTS (DDIP)BUS-61559 
| NAME PIN | NAME 


OOMOnN OO &Wh — 


——— (46) a Bp (1.3) 


bb 0000000000000000d0 
O0000000000000000 


2.100 0.005 0.21 MAX 
(53) (0.13) (5.3) 
1.900 0.100 0.250 
| (48) “800 0.050 '2°5) (6.3) 


MD_STR 
LOGIC +5V en 
TAGCLK ae 1.870 40.005 
BCSTRCV ARE FOR (47.5) (0.13) 
ILLENA REFERENCE 0.075 TYP 
(1.9) 
-15VB 
GND B = 
TX/RX-B Lo 0000000 0000000000 
00000 O 
LOGIC GND 21 Bees? SSS 
0.100 TYP 
= (25) 0.056 DIA GLASS en DIA PIN b 
(TOL. NONCUM) (1.4) (0.5) 011 
BEAD (78 PLACES) (78PLACES) (2.8) 
BOTTOM VIEW SIDE VIEW 


NOTES: 
1, Dimensions are in inches (millimeters). 
2. Leads = KOVAR, plated by 150 inches minimum nickel, 


MEMOE /ADDR LAT plated by 50: inches minimum gold. 


MEMENA-OUT 
CLOCK IN 
MEM/REG 
STRBD 
TRANSP/BUFF 
RO/WR 
SSFLAG 
GNDA 

-15VA 


FIGURE 25. MECHANICAL OUTLINE, DIP (BUS-61559/60) 


ORDERING INFORMATION 


BUS- 61589 - t 
Reliability Grade: 


883B = Fully compliant 883B Processing Available. 
B = 883B Processing Available but without QCI Testing . 
Blank = 0° to 70° C operation. 
601 = MIL-STD-1760A compatible, 
with fully compliant 883B Processing Available. 


Power Supply and Packaging": 
59 = +5V/-15V DDIP 
60 = +5V/-12V DIP 
61 = +5V DIP 
69 = +5V/-15V Flatpack 
70 = +5V/-12V Flatpack 
71 = +5V Flatpack 
* Consult factory for other voltage and packaging options. 


For additional information, please contact the Data Bus Applications Group at 
D-ABR 1-800-DDC-1772 x234. In New York State, (516) 567-5600 x234. 
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BUS-63100I1 SERIES 


MIL-STD-1553 DATA BUS 
SINGLE AND DUAL TRANSCEIVERS 


ff 


j { 
BUS-63102 II 


DESCRIPTION 


The BUS-63100 II transceivers are com- 
plete transmitter and receiver pairs con- 
forming fully to MIL-STD-1553A and 
1553B. Features available with selected 
models of this high reliability series in- 
clude: Smiths and Harris interface type 
choices, +12V/+15V power supply volt- 
age range, variable threshold levels, 
and single (24 pin DDIP or square) and 
completely independent dual redundant 
(36 pin DDIP) packaging configurations. 
All models are also available in flatpacks. 


The receiver section of the BUS-63100 II 
series accepts phase-modulated bipolar 
data from a MIL-STD-1553 Data Bus 
and produces TTL signal data at its out- 
puts: RX Data Out and RX Data Out. 
These outputs represent positive and 
negative variations of the input data sig- 


PHASE MODULATED 
BIPOLAR DATA 


SHORT OR ISOLATION 


COUPLING 


BUS-63105 II 


TRANSFORMER zz RX Data In A 


BUS-63125 II 


nals beyond an internally fixed or exter- 
nally set threshold level. An external 
STROBE input enables or disables the 
receiver outputs. 


The transmitter section accepts bipolar 
TTL signal data at its TX Data and TX 
Data input lines and produces phase- 
modulated bipolar data at the TX Data 
and TX Data outputs. The transmitters’ 
output voltage level is typically 28Vpp 
to 30Vpp. An external input, INHIBIT, 
takes priority over the transmitter inputs 
and disables the transmitter when acti- 
vated with a logic “1”. 


The small size and different model capa- 
bilities available with the BUS-63100 II 
series simplify engineering design, mak- 
ing it an excellent choice for interfacing 
with any MIL-STD-1553 system. 


RECEIVER SECTION 


= 


RX Data In 


TRANSMITTER SECTION 
DRIVER 


TX Data Out 


TX Data Out 


COMPARATOR 


FEATURES 


@ CONFORMS FULLY TO 


MIL-STD-1553A AND 1553B 


@ SOME MODELS AVAILABLE TO 
MILITARY (DESC) DRAWINGS 


@ MODEL CAPABILITIES: 
SINGLE OR DUAL 
REDUNDANT PACKAGING 


— 12V/—15V POWER SUPPLY 
VOLTAGE RANGE AVAILABLE 


HARRIS OR SMITHS I/O 
COMPATIBILITY 


@ SMALL SIZE: 
SINGLE -24 DDIP OR SQUARE 
DUAL — 36 DDIP FLATPACKS 


e LOW POWER 
@ HIGH RELIABILITY — LSI 


RECEIVER STROBE 


BI-PHASE 
TTLDATA 


RX Data 


nay Data ) DECODER 


| 
| TX Data In 


| 
| 
| TX ENCODER 
| Data In 
| 
| 
TX INHIBIT 


FIGURE 1. BUS-63100 Il SERIES BLOCK DIAGRAM 
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CORPORATION 
ORDERING INFORMATION 
SINGLE TRANSCEIVERS 
BUS-63105 II-883B BUS-63102 II-883B 
Reliability Grade: Reliability Grade: 
883B = Fully compliant with MIL-STD-883. 883B = Fully compliant with MIL-STD-883. 
B = Screened to MIL-STD-883 but B = Screened to MIL-STD-883 but 
without QCI testing without QCI testing 
Blank = 0° to 70°C Blank = 0° to 70°C 
Power Supply Voltage Range/Package 2 = Universal transceiver (MACAIR and 
5 = —15VDC/DDIP 1553) +12V to + 15V power supply 
6 = —15VDC/Flatpack range, compatible with Smiths 
= —12VDC/DDIP Encoder/Decoder. 
8 = —12VDC/Flatpack 4 = 1553, +12V to +15V power supply 
Enc-Dec Compatibility: range, compatible with Smiths 
0 = Compatible with Harris Encoder/Decoder. 
Encoder/Decoder Packaging: 
1 = Compatible with Smiths 0 = 24pinsquare 
Encoder/Decoder 1 = 24pin square flatpack 


BUS-63105 Il available as Military (DESC) drawing 
5962-86049-02ZC. 


See figure 2 for mating transformer. See figure 2 for mating transformer. 


DUAL TRANSCEIVERS 


BUS-63125 II-883B 


Reliability Grade: (See note.) 
883B = Fully compliant with MIL-STD-883. 
B = Screened to MIL-STD-883 but 
without QCI testing 
Blank = 0° to 70°C 


Power Supply Voltage Range/Package 


5 = —15VDC/DDIP 
6 = —15VDC/Flatpack 
7 = -—12VDC/DDIP 
8 = —12VDC/Flatpack 


Enc-Dec Compatibility: 
2 = Compatible with Harris 
Encoder/Decoder 
3 = Compatible with Smiths 
Encoder/Decoder 


BUS-63125 ll and BUS-63126 li available as Military (DESC) drawing 5962-87579. 


See figure 2 for mating transformer. 
Note: Available as BUS-63125 II-641 (BUS-65612 Compatible Transceiver). 


G-ABR 
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DESCRIPTION 


The BUS-63147 transceiver is a com- 
plete transmitter and receiver pair con- 
forming fully to MIL-STD-1553A and 
1553B. Features include: +5V power 
supply voltage, Harris interface type, 
completely independent dual redundant 
operation, and small size (36 pin DDIP). 


The receiver section of the BUS-63147 
series accepts phase-modulated bipolar 
data from a MIL-STD-1553 Data Bus 
and produces TTL signal data at its out- 
puts: RX DATA OUT and RX DATA 
OUT. These outputs represent positive 
and negative variations of the input data 
signals beyond an internally fixed thresh- 
old level. An external STROBE input en- 
ables or disables the receiver's outputs. 


BUS-63147 


MIL-STD-1553 DATA BUS 


The transmitter section accepts bi- 
phase TTL signal data at its TX DATA 
and TX DATA inputs and produces 
phase-modulated bipolar data at the TX 
DATA and TX DATA outputs. The trans- 
mitter’'s output voltage level is typically 
30Vpp. An external input, INHIBIT, 
takes priority over the transmitter inputs 
and disables the transmitter when acti- 
vated with a logic “1”. 


The small size, +5V power supply volt- 
age, and compliance with MIL-STD- 
1553 simplify engineering design, mak- 
ing it an excellent choice for interfacing 
with any MIL-STD-1553 system. 


+5V DUAL TRANSCEIVER 


FEATURES 


@ONLY REQUIRES +5V 
POWER SUPPLY 


@SMALL SIZE — 36 PIN DDIP 


eLOW POWER 


@ MIL-STD-883B SCREENING 
AVAILABLE 


@ DUAL REDUNDANT PACKAGING 


@ HARRIS I/O COMPATIBILITY 


@ CONFORMS FULLY TO 
MIL-STD-1553A AND 1553B 


+5V 


RECEIVER SECTION 


RECEIVER STROBE 


PHASE MODULATED TTL DATA 
BIPOLAR DATA COMPARATOR 
RX DATA IN RX DATA 
oS FILTER ie rl) ) OUT 
C) e 
SHORT OR 
ISOLATION a 
LONG STUB TRANSFORMER RX DATA DECODER 
COUPLING Ae 
LJ O 
a ee. FILTER > - = 


ee ae 


TX DATA OUT TX DAT.” IN 


ENCODER 


TX DATA OUT 
TX DATA IN 


TX INHIBIT 


CASE/GND 


FIGURE 1. BUS-63147 BLOCK DIAGRAM 
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TABLE 3. BUS-63147 PIN FUNCTIONS 


fem roveron [ow | runenow 


TX DATA OUT 
TX DATA OUT 
GND 

NC 

RX DATA OUT 
STROBE 

GND 

RX DATA OUT 
GND (CASE) 
TX DATA OUT 
TX DATA OUT RX DATA IN 
GND RX DATA IN 
NC GND 

RX DATA OUT NC 
STROBE +5V 

GND INHIBIT 

RX DATA OUT TX DATA IN 
NC TX DATA IN 


a DATA IN 
RX DATA IN 
GND 

NC 

+5V 
INHIBIT 

TX DATA IN 
TX DATA IN 
NC 


+ + + + & & & HB FH 


1 
P24 
3 
4 
5 
6 
7 
8 
9 

10 


e 
+ 


—_ 
—_ 


* 
» 


ee eee ee ee ee ee 
ANDO AW PD 


«Channel One 
*x Channel Two 


ORDERING INFORMATION 
BUS- 63147 - 883B 


Reliability Grade: 
883B = Fully compliant with 
MIL-STD-883 
= Screened to MIL-STD-883 
but without QCI testing 
Blank = 0° to 70° C operation 


Decoder Compatibility: 
7 = Standard Decoder 
8 = DDC Bus-65612 PGA 


Matching transformer BUS-41429. 
SMD Listing: DESC# 5962-89522-01XC 


C-ABR 


BUS-63147 


0.1+0.01 1.700+0.005 (2.3+0.25) 

(2.5+0.3) (43,.2+0.13) ' 

lomo eomomeononeon om omemeomeneomeoneomeomene) a ee 
0.600+0.005 


36 19 


0.775+0.005 
(19.7+0.13) TOP VIEW (15.2+0.13) 
1 18 i 
om eomomomemeonomemeomemeomomeomemomeomeme) 
DOT 
0.086 TYP (2.2) 
TIF! 
baa ih ES 1.895+0.005 RADIUS 
0.21 MAX (48.10.13) 
(5.3) 
0.015 MAX 
(0. “eae 
bs st 5 ena ae | | ~ 0.100+0.002 
TOLERANCE 0.055 (1.4) 
SEATING NON-CUMULATIV RAD Aad 
PLANE CENTER TO ENTER 
0.25 MIN AT SEATING PLANE 0. 0.018 (2, 1) 
(6.4) YP 


Dimensions in inches (millimeters). 


FIGURE 5. BUS-63147 MECHANICAL OUTLINE 
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DESCRIPTION 
The BUS-63910 40 Mbaud fiber optic 
transceiver provides a complete electn- 
cal to optical front end interface to a 
dual redundant STANAG 
3910/EFABus fiber optic bus. The 
BUS-63910’s intended use is to inter- 
face between a reflective star-coupled 
STANAG 3910 bus, a BUS-63920 Data 
Retiming Unit, and a BUS-63930 
STANAG 3910 Remote Terminal Unit. 

For each redundant channel, the 
BUS-63910 includes a transmitter, 
receiver, fiber optic Y-coupler, and op- 
tical connector. 

The transmitter consists of a high- 
power L.E.D. and temperature compen- 
sated driver circuit. The launch power 
from the transmitter is -2.5 + 1.5 dBm 
with a center wavelength of 810 + 40 
nm, in compliance with STANAG 
3910/EFABus. 


=F SE 


DRIVER 
7 . 


TX DATA A 


TX PWR CTL A 


TX PWA CTL A 


RX DATA A 


AND LIMITER 


TX DATA B 


TX PWR CT. B 


AX PWR CTL B 


AX DATA B 
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GAIN STAGES} 
PATH 


DRIVER 


The receiver includes a PIN 
photodiode transimpedance 
preamplifier, and custom designed gain 
stages. The receiver provides a wide 
dynamic range to accommodate the 
variations in path attenuation to be 
found in reflective star-coupled optical 
systems. 

The internal Y-couplers consist of 
small fused couplers. 

The transmitter and receiver sections 
for the two channels contain individual 
power control inputs. These inputs 
allow power consumpton to be mini- 
mized when the BUS-63910 is idle. 

Packaged in a 3.35 x 2.76 x 0.71 inch 
(85 x 70 x 18 mm) metal case, the BUS- 
63910 includes a subminiature D 
electrical connector and a pair of fiber 
optic connectors that provide com- 
pliance to STANAG 3910/EFABus. 


IN: DIODE 


TRANS IMPEDANCE 
PREAMPLIFIER 


BUS-63910 


STANAG 3910 DUAL REDUNDANT 
FIBER OPTIC TRANSCEIVER 


FEATURES: 


© 20Mbps MANCHESTER II EN- 
CODED DATA (40 Mbaud) 


© HIGH-POWER L.E.D. 
TRANSMITTER 


PIN DIODE TRANSIMPEDANCE 
RECEIVER WITH HIGH SEN- 
SITIVITY AND WIDE DYNAMIC 
RANGE 


e INTERNAL Y-COUPLERS FOR 
SINGLE FIBER I/O PER PATH 


TRANSMITTER AND RECEIVER 
POWER CONTROL INPUTS 


© OPTICAL CONNECTORS COM- 
PLIANT TO STANAG 3910/EFABUS 
SPECIFICATION 


HIGH-POWER 
LED 


PIBEAR OPTIC 
Y COUPLER 


OPTICAL 
CONNECTOR A 


HLGH=POWER 
LED 


PIBEA OPTIC 
Y COUPLER 


OPTICAL. 
CONNECTOR B 


TRANSIMPEDANCE 
PREAMPLIFIER 


- PIN DIODE 
GAIN STAGES 
AND LIMITER 


FIGURE 1. BUS-63910 BLOCK DIAGRAM 


OG B US-6391 0 


CORPORATION 
FIBER OPTIC Y-COUPLER 
The Y-couplers join the individual fibers from the respective | PIN | FUNCTION _| PIN | _—s FUNCTION _s—"n 


+15V Rx B PWR CTL Tx B 


+5V Rx B GND 
-15V Rx B PWR CTLTxA 


transmitter and receiver for each path within the BUS-63910. 
They consist of small fused fiber couplers. 


-15V TxB 


-15V TxA 
PWR CTL Rx A 
-15V Rx A 
+5V Rx A 
+15V Rx A 
PWR CTL Rx B 
+5V Tx B 


OOnN ON Sf WN — 


ah ok 
—_= O 


ELECTRICAL CONNECTOR: MS18276-4 PLUG 


ELECTRICAL MATING CONNECTOR: MS-18276-4 SOCKET 
(NOT SUPPLIED) 


FIBER OPTIC CONNECTOR: "HA" Receptacle, reference Heller- 
mann-Deutsch drawing number 454092 


FIBER OPTIC MATING CONNECTOR: "HA" Plug available from 
Hellerman-Deutsch, reference drawing number 454093 
(NOT SUPPLIED) 


‘@0000 6000 
2 8000068.- 


ORC) 


FIGURE 6. BUS-63910 MECHANICAL OUTLINE 


ORDERING INFORMATION: 
BUS-63910 O° to 70°C 
A-ABR BUS-63910-B -55°C to +95°C 
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DESCRIPTION 

The BUS-63920 Data Retiming Unit 
extracts clock and serial data from the 
outputs of a dual redundant STANAG 
3910 transceiver. It interfaces directly 
with the BUS-63910 Fiber Optic 
Transceiver and the BUS-63930 RT 
Protocol Unit. 

The BUS-63920 accepts raw serial 
data from the outputs of a STANAG 
3910 fiber optic or electrical 
transceiver. The serial data for 
STANAG 3910 occurs in a burst mode 
| and is Manchester II encoded at 20 
Mbps. 

The BUS-63920 includes a multi- 
plexer to select between the two 50 ohm 
serial inputs. The muluplexer SELECT 
A/B input is provided from a STANAG 
3910 protocol device, such as, a BUS- 
63930 Remote Terminal Unit. 


yaa a /E 

e NA ANALOG 
SwITCH/ 

5 a: MULTIPLEXER 


The output of the clock recovery cir- 
cuit is used to sample the raw data from 
the selected channel to provide the 
recovered serial data. Both the 40 MHz 
recovered clock and the recovered serial 
data are provided as outputs from the 
BUS-63920. These two outputs may be 
connected directly to the BUS-63930 
High-Speed RT Protocol Unit. 

The BUS-63920 features a fast ac- 
quisition time of 1 js max, as required 
for the burst data transmission of 
STANAG 3910. In addition, there is a 
provision to ensure that there is no clock 
output or change in the data output 
during bus idle periods. 

The BUS-63920 is packaged in a 16- 
pin 1.38 x 1.18 x 0.33 inch(35 x 30 x 8.5 
mm) hybrid. 


SO OHM 
LINE 
RECEIVER 


STANAG 3910 DATA RETIMING UNIT 


FEATURES 


STANAG 3910 CLOCK RECOVERY 


40 MHz CLOCK EXTRACTION 


RETIMED DATA OUTPUT 


© FAST ACQUISITION TIME AS 
REQUIRED FOR BURST 
TRANSMISSION 


e FIBER AND WIRE TRANSCEIVER 
APPLICATIONS 


© INPUT MULTIPLEXER TO ACCOM- 
MODATE DUAL REDUNDANT 
TRANSCEIVER OUTPUTS 


- DATA OUT 
COMPARATOR 5 @ 
a aN 


CLOCK OUT 


CLOCK 
RECOVERY -) 
CIACUIT 


FIGURE 1. BUS-63920 BLOCK DIAGRAM 
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SO OHM 
S4AS805B- LINE 
DRIVERS 


gcceseeeceosos 


TX DATA A 


BUS—-63930 BUS-63910 
FIBER OPTIC 


TRANSCEIVER 


STANAG 3910 
REMOTE 
TERMINAL 


BUS-63920 
DATA RETIMING 
UNIT 


RX 


DATA B 


CLK RX B 


BERS ae 
oe eel—eey 


* SO OHM COAX ° 


FIGURE 5. INTERCONNECTION DIAGRAM TO BUS-63910 FIBER OPTIC TRANSCEIVER AND BUS-63930 HIGH- 
SPEED RT PROTOCOL UNIT 


TABLE 2. PIN FUNCTIONS 


| FUNCTION | PIN | FUNCTION | 
| 1 |sevect | 22 [NC 
| 2 {ono | at [Nc 
|} 3 |DATAINY | 20 [NC 
| 4 [GND | 19 [NC 
| 5 [DATAIN2 | 18 [NC 


+5V 

| 9 |GND | 14 | CLOCK-OUT | 
| 10 |DATAOUT | 13 |GND | 
[11 {GND 2 INC 


Note: Pins 8 and 12 must not be connected to an external signal. 


ORDERING INFORMATION 
BUS-63920 0°C to 70°C 
BUS-63920-B -55°C to +125°C 


~“NWEHAWOOTSR > 


FIGURE 6. BUS-63920 MECHANICAL OUTLINE 
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DESCRIPTION 
The BUS-63930 comprises a complete, 
dual redundant STANAG 3910 high- 

remote terminal protocol device. 
The BUS-63930 interfaces between a 
host processor, a STANAG 3838 Ter- 
minal such as DDC’s BUS-61559 AIM 
HY’ER, high-speed message RAM, a 
data retiming unit (DRU), and a 20 Mbps 
fiber optic transceiver. Packaged in a 
180-pin PGA, the BUS-63930 incor- 
porates Frame Logic, Monitor Logic, Ar- 
biter Logic, and Control Logic. 

The Frame Logic consists of a 20 
Mbps Manchester II encoder/decoder 
plus Frame Check Sequence (FCS) gen- 
erator/checking logic. The Monitor 
Logic interfaces to the STANAG 3838 
RT to capture Command Words to the 
| HS subaddress and associated Action 
Words. 

The Arbiter Logic consists of buffers 
plus contention resolving logic to provide 
an interface between the host processor, 


coordinates the activities of the other sec- 
tions and includes complete state 
machine logic for STANAG 3910 mes- 
Sage processing and error handling. 

The BUS-63930 may be interfaced 
directly to the BUS-61559 STANAG 
3838 Advanced Integrated Mux Hybrid 
(AIM-HY’ER). 

The BUS-63930 includes internal 
registers for overall control, interrupt 
enabling, programming of transmitter 
delay timing, self-test, and monitoring of 
the STANAG 3838 RT’s buses. 
Registers are also provided for the High- 
Speed Status, Last Action, and BIT 
words. 

The BUS-63930 provides a pointer- 
driven memory management scheme 
with double buffering. Other features in- 
clude interrupts, time tagging, im- 
plementation of all STANAG 3910 mode 
codes and built-in self-test. 

The BUS-63930 is fabricated in 0.9 


BUS-63930 


STANAG 3910 HIGH-SPEED REMOTE TERMINAL 


PROTOCOL UNIT 


FEATURES 


® COMPREHENSIVE IMPLEMENTA- 
TION OF STANAG 3910 HIGH- 
SPEED DUAL REDUNDANT RT 
PROTOCOL 


© DIRECT INTERFACE TO BUS-61559 
STANAG 3838 HYBRID, BUS-63910 
FIBER OPTIC TRANSCEIVER, AND 
BUS-63920 DATA RETIMING UNIT 


© REGISTER ORIENTED ARCHITEC- 
TURE 


@ SUPPORTS UP TO 2M WORDS OF 
RAM 


© BUILT-IN SELF-TEST 
© LOW POWER HCMOS 


the BUS-63930 registers and up to 2M micron HCMOS and operates at a very © 180-PIN PGA 
x 16 of HS RAM. The Control Logic _ low standby current of 2 mA max. 
CLOCK, PHYSICAL 
HS RESET AND ADORESS 
TIMEOUT AND HS BUS BUSY AND RT BUSY; 
INTERFACE SELECT SUBADDRESS SELF-TEST CONTROL 
|g | el wo) EB 
B} OE 3] 2/8 


23 INTP 
INTERRUPT INTL 
REQUEST/ 

ACKNOWLEDGE IACK 


HOST 
PROCESSOR | HADR 20-0 
ADDRESS 
HOST 
PROCESSOR 
DATA 
HMA 
HCS 
HOST HDS 
PROCESSOR = 
CONTROL HRW 
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FIGURE 1. BUS-63930 BLOCK DIAGRAM 
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BUS-63930 


2 TABLE 5. PIN FUNCTION TABLE (continued 
Monitor interface to STANAG 3838 RT (continued 
| PinName | Pin | Function 


Monitor Broadcast Strobe. When using the 
Type 1 interface configuration to a STANAG 
3838 RT, this input strobe indicates that the 
received LS message was directed to the 

broadcast address. 


Monitor Message Error. This signal indi- 
cates an error occurred during the current 
LS message sequence. Not used if bit 7 of 
the Control Register is logic 1. 


For normal operation, TEST 1 must be con- 
nected to Ground. When set to high, the fol- 
lowing signals are put in their high 
impedance state: RADR20-0, RDAT15-0, 
ROE, RWR, HDAT15-0, HDACK, and 
MDAT 15-0. 

Do not connect. 

Do not connect. 

Do not connect. 

Do not connect. 

Do not connect. 
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FIGURE 30. MECHANICAL OUTLINE DRAWING 


ORDERING INFORMATION 


BUS-63930 for 0°C to 70°C operating temperature. 


BUS-63930 -B FOR -55°C to +125°C operating temperature. 
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BUS-64100II 
MIL-STD-1553 TERMINAL BIT PROCESSOR 


FEATURES 


DESCRIPTION 


The DDC BUS-64100Ilis a terminal Bit 
Processor, which consists of a Man- 


handshake signals. It flags Address 
Recognition, Broadcast and Mode 
Code decoding terminal fail safe signal 


e 16B/IT ORS BIT BYTE PARALLEL 


OR SERIAL 1/0 


chester I! Converter and a DDC  2fd contains a built-in Self-test Circurt. e PERFORMS MIL-STD-1553 
advanced custom LSI monolithic chip. FUNCTIONS: 

Packaged in a single hybrid it has The subsystem can control the trans- BROADCAST 

improved reliability and low power mission of data through positive hand- 

dissipation. It is capable of interfacing shaking of the logic control lines MODE CODE 
MIL-STD-1553 transceiver, such as provided. The unit accepts parallel OWN ADDRESS 
DDC’s Monolithic BUS-63115 to an or _ serial data then transmits the TIME OUT 


associated subsystem’s parallel or serial 


Command, Status or Data words as 


interface. Its 1 MHz data rate makes it directed by the subsystem. By 

compatible with transceivers that virtue of its extensive input/output 

process either McDonnell Douglas logic configuration the BUS-64100Il © ON/OFF LINE SELF-TEST 
MACAIR_ sinusoidal or trapezoidal will provide interfacing for BUS 

waveforms. The BUS-64100II can be Controllers. 


used as acommon interface for remote 
terminals, bus monitors or bus con- 
trollers. 


This unit functions as a decoder per 
MIL-STD-1553 by transferring all 
command, status and data words to 
the subsystem, together with error 
information, BIT status and necessary 


The BUS-64100II meets the full specifi- 
cations of MIL-STD-1553 A & B and 
those of MACAIR A5690, A3818, 
A4905 and A5232. The hybrid is 
available with MIL-STD-883B screen- 
ing and operates over the full MIL 
temperature range of —55°C to 
+125°C. 


e DUAL RANK REGISTERS 


e LOW POWER LS! DESIGN 


LOAD 
DATA) 


LOAD 
DATA 2 


LATCH 
DATA) 


LATCH 
DATA2 


DATA 


ENCODER 


DATA 
OUT 


REGISTER =o 


SERIAL DATA IN 


BROADCAST 
MODE CODE 


VALID WORD 


FAIL SAFE 


COMM/DATA SYNC 


DATA 
in DECODER 


RT ENA 


SERIAL DATA OUT 


La REGISTER ae REGISTER 
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RST SELECT IN 
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DATA 
SELECT 1 


DATA 
SELECT 2 


B-ABR FIGURE 1. BUS-641001IBLOCK DIAGRAM 
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BUS-651011I anno BUS-65102II 
MIL-STD-1553 DUMB RTU HYBRID 


FEATURES 
@ INCLUDES: 
DESCRIPTION TRANSCEIVER 
The BUS-65101I1 | MIL-STD-1553 tem control. As a receiver, it accepts ENCODER/DECODER 
Dumb Remote Terminal Unit (RTU) serial MIL-STD-1553 transmissions DUAL RANK I/O REGISTERS 
consists of a transceiver, and en- and transfers all Command, Status FAIL-SAFE TIMER 
coder/decoder, control logic, dual and Data words to the 8 bit or 16 bit CLOCK OSCILLATOR 


rank I/O registers and internal clock 
oscillator packaged in a 1.6” x 1.9” 
hermetic hybrid. It provides all the 
functions required to interface be- 
tween a MIL-STD-1553 serial MUX 
data bus and a subsystem parallel 3- 


data highway, under subsystem 
control. The BUS-65101I! also pro- 
vides flags to the subsystem when 
Broadcast, Mode Code, and Own Ad- 
dress (with parity) commands are 
decoded. 


@ SMALL 7.6" x 1.9" HYBRID 
@ PROVIDES FLAGS FOR: 


OWN ADDRESS (WITH PARITY) 
MODE CODE 


state data highway. Utilizing several The BUS-65101I| contains a terminal BROADCAST 
DDC custom monolithic ICs, the — fajj-safe timeout circuit which flags TIME OUT 
BUS-65101Ii provides sufficienthand- message lengths exceeding 768 VALID WORD 
shaking, control and data lines to. microseconds, and terminates serial SYNC TYPE 


permit versatile operation as a re- 
mote terminal, a bus controller or a 
bus monitor, in either single or dual 
redundant data bus configurations. 

As a transmitter, the BUS-65101II ac- 
cepts 8 bit or 16 bit parallel data from 


data transmission. Wraparound self- 
test is initiated by a control line 
which causes the encoder serial out- 
put to be connected to the decoder 
input. The BUS-65101li provides a se- 
rial output of decoded words, thus 


16 BIT OR 8 BIT 3-STATE 


PARALLEL I/O AND SERIAL OUT 
@ WRAPAROUND BUILT-IN TEST 
@ SIMPLE CONTROLS FOR SINGLE 


the subsystem, and outputs serial allowing Command Word _look- OR DUAL REDUNDANT DATA 
Manchester || coded Command, ahead, for the fastest terminal re- BUS CONFIGURATIONS 
Status or Data words, under subsys- sponse. 
_ENC _ 
ENABLE > TP Fy 
_ TX _SYNC_ ESC SEND ae ToKD LATCH LATCH 
INHIBIT SELECT 


OUT DATA DATA1 DATA2 DATA DATA2 
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SHAPING | 
TX DATA NETWORK o i MANCHESTER D1i5 (MSB) 
} REGISTER KELL] REGISTER aon DATA { oe, 
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DRIVER 
SHAPING CONTROL LOGIC 
TX DATA O NETWORK O _ 
CHAN SELECT 


DRIVER 


SERIAL DATA IN 
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SSN 
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VALID WORD 


VAL CMD WO 
FAIL-SAFE 


RT ENABLE 
PARITY 
BIT STATUS 
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FIGURE 1. BUS-6510111 BLOCK DIAGRAM 
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BUS-65101 
OR 
BUS-65102 


DIRECT COUPLED 


1.2:1**(BUS-65101) 
1.41:1*(BUS-65102) 


TX DATA OUT 
RX DATAIN 


TX DATA OUT 


RX DATAIN 


cane 752 
*BUS-25679 1.67:1**(BUS-65101) aad : 
**BUS-29854 2:1*(BUS-65102) 


TRANSFORMER COUPLED 


Z,=700 
FIGURE 6. TYPICAL TRANSFORMER CONNECTIONS 
MECHANICAL OUTLINE ORDERING INFORMATION 
BUS-651011I-883B 
.100 a ee 
050 PIN NO. 1 (COLOR BEAD) (2.54) Reliability Grade: 
(1.27) 883B = Fully compliant with 
a MIL-STD- 883. 
$18 eo 
o : ° O B= Screened to MIL-STD-883 
Oe ~ 2 but without QCI testing. 
° fe) 
O (e) 

O° 5° Blank = 0° to 70°C 
. fe) fe) . 1.850 

(39.3) ae: > ° Power Supply Option: 
: vi 6 : T= —12 VDC 
O° Oo 2= -15VDC 
os fe) Note: 
oo o Use BUS-29854 transformer with BUS-65101II 
2 6 fo) s (direct-coupled). 
= . o Use BUS-25679 transformer with BUS-65102I 

2 + 


(direct-coupled). 


100 (REF) | 


- 1 For MCAIR Applications. 
Seen eRL Order BUS-65201 For MC pplica 
(2.54) 1.200 (30.48) (2.18) 
095 (REF) —» 1.400 (35.56) . 
csi _—_—— 1.590 (40.38) | 


.21 (MAX) (5.33) 


.180 
(4.57) 


Note: Dimensions in inches (millimeters) 
A-ABR 
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BUS-65112 DDIP 


DESCRIPTION 


The BUS-65112 is a complete dual 
redundant MIL-STD-1553 Remote 
Terminal Unit (RTU) packaged in a 
small 1.9” x 2.1” hybrid. Based upon 
DDC custom ICs, it includes 2 trans- 
ceivers, 2 encoder/decoders, 2 bit 
processors, RTU protocol, data buf- 
fers, and timing control logic. It sup- 
ports all 13 mode codes for dual re- 
dundant operation, any combination 
of which can be illegalized. 


Parallel data transfers are accom- 
plished with a DMA type handshak- 
ing, compatible with most CPU 
types. Data transfers to/from mem- 
ory are simplified by the latched 
command word and word count out- 


BUS-65112 AND BUS-65117 


BUS-65117 FLATPACK 


puts. Error detection and recovery 
are enhanced by BUS-65112 special 
features. A 14 bit built-in-test word 
register stores RTU information, and 
sends it to the Bus Controller in re- 
sponse to the Mode Command 
Transmit Bit Word. The BUS-65112 
performs continuous on-line wrap- 
around self-test, and provides 4 
error flags to the host CPU. Inputs 
are provided for host CPU control of 
6 bits of the RTU Status Word. 

Its small hermetic package, —55°C 
to +125°C operating temperature 
range, and complete RTU operation 
make the BUS-65112 ideal for most 
MIL-STD-1553 applications. 


DATA ENCODER/ BIT 
BUS A TRANSCEIVER DECODER PROCESSOR 


DATA ENCODER/ BIT 
BUS B TRANSCEIVER DECODER PROCESSOR 


SEQUENCER 
AND 
CONTROL 
LOGIC 


BUFFER 


TRANSFER 
CONTROLS 

CURRENT 

WORD 

COUNTER 
MUX A0-A4 

PROTOCOL COMMAND 

-A11 


ERROR FLAGS 


MIL-STD-1553 DUAL REDUNDANT 
REMOTE TERMINAL HYBRID 


FEATURES 


@ SMALL SIZE & LOW POWER 
@ COMPLETE RTU PROTOCOL 


@ SUPPORTS 13 MODE CODES: 
ANY COMBINATIONS CAN BE 
ILLEGALIZED 


@ TRANSFERS DATA WITH 
DMA TYPE HANDSHAKING 


@LATCHED OUTPUTS FOR 
COMMAND WORD AND 
WORD COUNT 


© 714 BIT BUILT-IN-TEST 
WORD REGISTER 


e4 ERROR FLAG OUTPUTS 


® CONTINUOUS ONLINE 
SELF-TEST 


@ PLUG-IN & FLATPACK 
PACKAGING 


Co) 080-0815 


BUF ENA 


DAT/CMD 
ILL CMD (ME) 


SS REQ 
STATUS ADBC 
REGISTER RT FLAG 
SS BUSY 


SS FLAG 


MESS ERR 
RT FAIL 

HS FAIL 
RTADD ERR 


NBGT 


TIMING FLAGS INCMD 


BITEN 
STATEN 
GBR 


FIGURE 1. BUS-65112 BLOCK DIAGRAM 
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FACTORY TEST 

The BUS-65112 is capable of performing two internal tests. 
TEST 1, PIN 70. A logic low on this pin will cause the last word 
of the next message to be repeated continuously until the built 
in Watch Dog Timeout circuit disables the transmitter. The trans- 
mitter will be re-enabled upon receipt of the next valid command 
to the BUS-65112 on that channel. 

TEST 2, PIN 31. This pin indicates the result of the loop test 
comparison test. It is performed for every word transmitted to 
the 1553 bus. 

(1 = Pass, 0 = Fail) The result is reset upon transmission of 
the next word over the bus. 


BUS-65117 FLATPACK PIN FUNCTIONS 


A10 NBGT 

AQ STATEN 

A8 TXDATA OUT A 
A7 TXDATA OUT A 
A6 —15VA 

DBO +15VA 

DB1 +5VA 

DB2 GNDA 

DB3 RXDATA IN A 
DB4 RXDATA IN A 
DB5 BITEN 

DB6 ME 

DB7 SRQ 

DB8 SSFLAG 
DB9 ILLCMD 
DB10 BUSY 

DB11 Ait 

DB12 TEST 1 

DB13 TEST2 

DB14 RT FLAG 
DB15 ABDC 

+5V RESET 
BRO ENA DTREQ 
GROUND BUFENA 
ADDRE RTFAIL 
ADDRD 12 MHzIN 
ADDRC 

ADDRB 

ADDRA 

ADDRP 

RTADERR 

TXDATA OUT B 

TXDATA OUT B 

—15VB 

+15VB 

+5VB 

GNDB 

RXDATAINB 

RXDATA IN B 

NC 
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J-40 


BUS-65112 AND BUS-65117 


0.400 (MIN)(TYP) 
(10) 


0.050 = 2.000 
‘ (TOL NON-CUM) 
(1.27 = 50.8) 


PIN 1 DENOTED BY 
CONTRASTING 
COLORED BEAD 


(55.6) 


0.015+0.003 


' 
( 
2.190 | 
' 
' 
' 
‘ 


0.095 (REF) 
(2.413) | 


0.171 (MAX TOP VIEW ae 
pase (2.032) oe TyP) 
fF SIDE VIEW t 


Note: Dimensions are in inches (millimeters). 


FIGURE 7. BUS-65117 MECHANICAL OUTLINE (FLATPACK) 


- 


0.25 MAX 


2.100 a 
(53) 
‘aay 0 100 0.250 
pamens ) =| (2.5) 
1.800 0.050 (6.3) 
er (1.3) 
& 


PIN NO'S 
ARE FOR 
REFERENCE 


©o0000000000000 
oo00000000000000 40 


0.100 TYP 
—— (25) 


0.056 DIA GLASS 
(1 4) 
BEAD (78 PLACES) 


BOTTOM VIEW 


0.018 DIA PIN 

(0.5) 0.11 
(78 PLACES) (2.8) 
SIDE VIEW 


(TOL. NONCUM) 


Note: Dimensions are in inches (millimeters). 


FIGURE 8. BUS-65112 MECHANICAL OUTLINE (DDIP) 


ORDERING INFORMATION 
BUS-65112 — 883B 


Reliability Grade: 
883B = Fully compliant with MIL-STD-883. 


B = Screened to MIL-STD-883 but 
without QCI testing. 


Blank = Standard DDC procedures. 


Power Supply and Packaging 


2 = +15VDC, DDIP 
3 = +12VDC, DDIP 
7 = +15VDC, Flatpack 
8 = +12VDC, Flatpack 


HOC 


ILC DATA DEVICE 
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BUS-65142 AND BUS-65144 


MIL-STD-1553 DUAL REDUNDANT 
REMOTE TERMINAL HYBRID 


FEATURES 


® 1 OW POWER & LOW COST 


DESCRIPTION 


The BUS-65142 is a complete dual re- 
dundant MIL-STD-1553 Remote Termi- 
nal Unit (RTU) packaged in a small 1.9” 
x 2.1” hybrid. The device is based upon 
two DDC custom ICs, which includes 
two monolithic low power Mark II trans- 
ceivers and one CMOS-SOS RTU pro- 
tocol containing data buffers and timing 
| control logic. It supports all 13 mode 
codes for dual redundant operation, any 
combination of which can be illegalized. 


Parallel data transfers are accomplished 
with a DMA type handshaking, compat- 
ible with most CPU types. Data transfers 
to/from memory are simplified by the 
latched command word and word count 
outputs. Error detection and recovery 


DATA 


| ENCODER’ BIT 
BUS A — DECODER - PROCESSOR | 
WATCHDOG 


are enhanced by BUS-65142 special 
features. A 14 bit built-in-test word regis- 
ter stores RTU information, and sends 
it to the Bus Controller in response to 
the Mode Command Transmit Bit Word. 
The BUS-65142 performs continuous 
on-line wrap-around self-test, and pro- 
vides 4 error flags to the host CPU. In- 
puts are provided for host CPU control 
of 6 bits of the RTU Status Word. 


Its small hermetic package, —55°C to 
+125°C operating temperature range, 
and complete RTU operation make the 
BUS-65142 ideal for most MIL-STD- 
1553 applications requiring hardware or 
microprocessor subsystems. 


© HIGH RELIABILITY 


® SOS & BIPOLAR 


® SUPPORTS ALL 13 MODE CODES 


® MODE CODE/COMMAND WORD 
ILLEGALIZATION 


® DMA TRANSFERS 


@® CONTINUOUS SELF-TEST 


@ SEAFAC TESTED COMPONENTS 


@ BUILT-IN-TEST WORD REGISTER 


© 16MHz DECODERS OFFER IM- 
PROVED NOISE REJECTION & 
ZERO CROSSING DETECTION 


TRANSFER 


| 
TIMEOUT SONTneks | OTSTR 
| R/W 
DATA ENCODER BIT ileal 
: WORD 
BUS B TRANSCEIVER | DECODER PROCESSOR seeKtEA ; | 
U A0-A4 
ee 7 x 
PROTOCOL COMMAND 
RT ADDRESS | CONTROL | DAT/GMD 
LOGIC ILL CMD (ME) 

PARITY | S RE 

STATUS ADBC 
REGISTER 1 RT FLAG 
SS BUSY 
| | SS FLAG 

16 MHz CLOCK 
ERROR FLAGS ; ae 
| l HS FAIL 
RESET RTADD ERR 
| NBGT 
| TIMING FLAGS INCMD 
BITEN 
| STATEN 
ppc custom cHip |. _! ae 


FIGURE 1. BUS-65142 BLOCK DIAGRAM 
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oo BUS-65142 AND BUS-65144 


CORPORATION 


PIN FUNCTION TABLE 
PIN [NAME _|PIN | 


erp 


2.100 6.4) 
9) 4 900 | : ca ie 
| (48) “T"800 | 0.050‘) (6.3) 
45) a? (1.9) 


ARE FOR 
REFERENCE 


SoDdOdODOOONODOONOOONO 
° 
A AD x 40 
0.100 TYP 
1144 |ADDRC si 54 |ADDRB ssid =a 25) 0.056 DIA GLASS 0.018 DIA PIN ; } 
(TOL. ) (1.4) 
145 |ADDRA 55 _|ADDRP BEAD (18 PLACES) (78PLACES) (28) 


116 |RTADERR 56 ITXDATAB 
AZ PXDATAB.. /67._=16VB___ aanuaie erewien 


Note: Dimensions are in inches (millimeters). 


INCMD. 64 | 


65 [GBR 
ze 1ST sss wien — 
27_|\(DAT/CMD) _—‘(67_ |BUFENA 
2 [REAL les RESET 


FIGURE 7. BUS-65142 MECHANICAL OUTLINE (DDIP) 


IDTREQ ss i69._“[RTFIAG 
390 _|ADBC 70_—*|TEST1 
31_|TesT2_—s(71 (BUSY 
32_|A10(T/R) __—sii72_[SSFIAG 
33 MICMD 73 ME 


ORDERING INFORMATION 
BUS-65142-883 * 
Reliability Grade: 
883B = Fullycompliant with MIL-STD-883. 
B= Screened to MIL-STD-883 but without QCI testing. 
Power Supply Option & Packaging 


2= -—15VDC DDIP 
3= -—12VDC DDIP 
4= -—15VDC Flatpack 
5= -—12VDC Flatpack 


* Contact factory about class ’S’ screening. 


Mating Data Bus Transformers: 
for BUS-65142 use DDC BUS-25679 
for BUS-65143 use DDC BUS-29854 


D-ABR 


J-42 


OC 


ILC DATA DEVICE 
CORPORATION 


DESCRIPTION 


The BUS-65149 is the world’s first dual 
redundant universal MIL-STD-1553 Remote 
Terminal (RT) hybrid. The BUS-65149 fea- 
tures a universal sinusoidal transceiver and 
pin selectable options providing for support of 
MIL-STD-1553A; MIL-STD-1553B; McAIR 
A3818, A5232, and A5690; the various G.D. 
F16 protocols; and GRUMMAN SPG151A. 

The BUS-65149 provides all of the functions 
required to interlace between a MIL-STD- 
1553 dual redundant serial data bus and a 
subsystem parallel three-state data bus. A 
pair of BUS-27765 transformers are required 
to interface between the BUS-65149 and the 
1553 bus. See Figure 1, block diagram. 

The BUS-65149 is compatible with all 
microprocessors, supporting both DMA and 
shared RAM interfaces. In addition, the 8/16- 
bit direct memory inteface (DMA) handshake 


BUS-65149 


MIL-STD-1553A/B & McAIR 


and three-state parallel data and address 
buses facilitate the interface to simple systems 
without a microprocessor. 

The BUS-65149 implements all MIL-STD-- 
1553 message formats. Complete error 
detection capability is provided. This includes 
sync, encoding, parity, bit and word count, 
undefined commands, and RT-to-RT transfer 
errors. 

The BUS-65149 features the capability for 
implementing all dual redundant MIL-STD- 
1553B mode codes. In addition, any com- 
mand may (optionally) be illegalized through 
the use of an external PROM, PAL, or RAM 
device. 

The device is available screened to MIL- 
STD-883B in a MIL-STD-1772 certified facility 
and operates over the full military temperature 
range of -55° C to +125°C. 


UNIVERSAL MULTI-PROTOCOL REMOTE TERMINAL 


FULL 
DATA SHEET 
AVAILABLE 


FEATURES 


SUPPORTS: 
= MIL-STD-1553A/B 


= MCcAIR A3818, A5232, AND A5690 
= GENERAL DYNAMICS 16PP303 (F16) 
= GRUMMAN SPGI1S51A 


DUAL UNIVERSAL TRANSCEIVER 
SATISFIES McAIR AND 1553A/B 


® SUPPORTS 1553A/B MODE CODES 
® INTERNAL AND EXTERNAL OP- 


TIONS FOR STATUS AND BIT 
WORDS 


INTERFACE FLEXIBILITY 
™ SIMPLE SYSTEMS 


= 8/16-BIT DMA OR SHARED RAM 
SUPPORTS COMMAND 
ILLEGALIZATION 


CONTINUOUS ON-LINE, 
BUILT-IN-TEST 


@ 12 OR 16 MHZ CLOCK OPERATION 


CLK 
CLOCK INPUT AND 
FREQUENCY SELECT CUKSEL 


TRANSCEIVER 
A 


DECODER AND 


TIMER 


TXRX B 
TRANSCEIVER 
8 


TXRX B 


RT-AD4-RTADO 
RT. 
ADDRESS 


RESET 


STATUS, 
ILLEGALIZATION 
AND TRANSMITTER | 21058 


INHIBIT INPUTS 


RT-AD-ERA 
eS C—O 


—_— Sw wh STATE MACHINE 
a oe te ge LoGic 


R.T. ADDRESS 
PARITY AND 
COMPARE LOGIC 


aliens 


UPPER DATA UPPER 
BUFFER AS 08 ait DATA BUS 


OB-SEL DATAB 


Je : ‘A BUS 
WIDTH SELECT 
OB-REQ 
ps 
DMA DB-GAT 
HANDSHAKE _ OMA 
AND OB-ACK HANDSHAKE 


— 
Cs ‘ 
a 


DATA 
TRANSFER 
CONTROL 


ADDRESS 
TRI-STATE 
CONTROL 


ADDR-ENA 


LOWER 
DATA BUS 


REGISTERS® 
AND R.T 


MULTI-PROTOCOL 


iLLEGA' 
AND TRANSMITTER 
INHIBIT LOGIC r 


* CURRENT COMMAND, LAST COMMAND, STATUS AND BIT WORD 


FIGURE 1. BUS-61549 BLOCK DIAGRAM 
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CC ae B US-651 49 


CORPORATION 


2.375 
(60.325) 


TABLE 4. BUS-65149 PINOUT (preliminary, 2/14/90 


PIN NUMBER SIGNAL PIN NUMBER SIGNAL | PIN 1 DENOTED BY 


TOL-NONCUM) 
+5V (LOGIC) 46 COLORED BEAD "SEE NOTE 2 
0.050 (1.27) 
(TYP) 


44 EQ. SP. @ 0.050 (1.27) = 
2.200 (55.88) 


—_ 


D15 47 
D14 48 i; 
D13 49 Gi 
Di2 
Di1 
D10 


0.250 MAX 
(6.35) 
0.018 +0.002 
(0.457 40.051) 
DIA. (TYP) 


00909000090000000000000 00: 
EV eos S22 222 SP oer. 
44 


2.000 1.600 1,800 (45.72) 
SEE NOTE 2 


OOnN DON & W PM 


89 47 
BEPOOOCOODNDNDONODNG ONO OCN OO O,~, 
loo Mon okoRonocokokokozeokonokonenesenenenene) 


| 
PIN NUMBERS ARE 
0.250 £0,010 
FOR REF. ONLY (6.35 40.25) 2 | 


DO1 LMG Notes: 
1. Dimensions are in inches (millimeters). 
DOO 2. Pin cluster to be centralized within 


RT_AD-4 +0.010 (0.25 mm) of outline dimensions. 
RT_AD_3 
RT_AD_2 
RT_AD_1 


RT_AD_0 : BUS-65149 MECHANICAL OUTLINE 
RT_AD_P (90-PIN DIP HYBRID) 
BRO_ENA | 

BIT_WD_REQ 

DT_GRT 

HS_FAIL 

cs 

BW_STR AO1 

WRT AOO 

DB_SEL TEST_MODE 
VW_BW_FL CLOCK_IN 
ADDR_ENA T_A_STR 
DT_REQ S10 
RT_FAIL 

ME 


AT-AD-ERR | cai ae 
GBR : Reliability Grade: 


DT_ACK 


TX/RX_B 
TX/RX_B 


+5VB B = Screened to MIL-STD-883 but without 


+12/15V_B S01 | QCI testing. 
GND_B S00 


SV 8 2 GND (LOGIC Blank = 0° to 70°C 


ORDERING INFORMATION 


883B = Fully compliant with MIL-STD-883. 
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The BUS-65153 is a complete, dual 
redundant MIL-STD-1553B Remote 
Terminal. Packaged ina 1.90x 1.0x0.2", 
70-pin ceramic package, the BUS-65153 
provides the output voltage level required 
for MIL-STD-1760. Also in support of 
MIL-STD-1760, the RT address inputs 
are latchable. 

The BUS-65153 contains two (2) low 
power transceivers and a DDC custom 
designed chip. This chip includes dual 
encoder/decoder, RT protocol logic, 3- 
state data buffers, and DMA transfer con- 
trol logic. The BUS-65153 supports all 
13 dual redundant mode codes, any com- 
bination of which may be illegalized by 
an external PROM, PLD, or RAM device. 

Parallel data transfers are ac- 
complished via a DMA type handshake. 
Both 8-bit and 16-bit transfers are sup- 


ported. 
The BUS-65153 can be easily inter- 


"STIC" - 


faced to most CPU’s. In addition, the 
BUS-65153 can interface directly to min- 
imum complexity subsystems such as 
switches, D/A converters, etc. 

The address bus and transfer control 
signals may be configured for either two- 
State or three-state operation. Use of the 
three-state address mode reduces the 
number of external components required 
for a DMA processor interface. 

The input clock frequency is user selec- 
table for either 12 or 16 MHz. In the 12 
MHz mode, the decoder operates at 24 
MHz, providing superior word error rate 
and zero crossing distortion tolerance. 
The Busy, Service Request, and Subsys- 
tem Flag RT Status Word bits are 
provided as discrete pins, allowing for 
easy access by the subsystem. 

Various message timing and error flag 
indicators are provided to facilitate the 
subsystem interface. 


BUS-65153 


MIL-STD-1553B, NOTICE 2 & MIL-STD-1760A 
SMALL TERMINAL INTERFACE CIRCUIT 


FEATURES 


® Supports MIL-STD-1553B Notice 2 


and MIL-STD-1760A Stores 
Management 


Complete Integrated Remote Ter- 
minal Including: 

- Dual Low Power Transceiver 

- Complete RT Protocol Logic 


Small, 70-Pin Ceramic Package 


Reduces External Component Count 

- Selectable 8/16-bit DMA Interface 

- Optional Tristate Address Bus and 
Control Signals 


Direct Interface to Simple Systems 
Selectable Input Clock, 12, or 16 MHz 
883B Processing Available 


~ BUS-25679 
550hm | | 
AXF 
BUS A EF 
jal 
55 ohm 
TRANSMITTER _TX INE = 0 
ral 
55 ohm 
BXF 
BUS B 
s5onmm | ___ 
CLOCK INPUT { 
FREQUENCY 
SELECT 
R.T. AT_AD4-RT_ADO 
AT AD P 
ADDRESS |¢?*~ 
RAT_AD LAT 
RESET RESE] 
TLOMD- 
ILLEGALIZATION SERVICE REQUES) 
INPUTS SSFLAG 


BUS 


re 
ea 


ENCODER/ 


R.T. ADDRESS 
PARITY AND 
COMPARE LOGIC 


REGISTERS" 
AND 

R.T. STATE 
MACHINE 
LOGIC 


* CURRENT COMMAND, 
LAST rata ein STATUS, 
AND BIT WORD 


STATUS, 
ILLEGALIZATION, 
AND 


TRANSMITTER 
INHIBIT LOGIC 


L ADDRESS 


UPPER 
DATA BUS 


UPPER DATA 
BUFFER DI5-D8 


DB SEL DATA BUS 
WIDTH SELECT 
OB REQ 
DB GR 
DMA 
DMA HANDSHAKE DB ACK” HANDSHAKE 
TRANSFER HS FAIL 
CONTROL LOGIC 
Cs DATA 
TRANSFER 
WAT_ CONTROL 
ADDRESS 
ADDR ENA_ TRI-STATE 


CONTROL 


LOWER DATA LOWER 
BUFFER DATA BUS 
14-BIT 


BUFFERS 


Boos 


NBGRT_ 
CM MESSAGE 
Ree TIMING 
SIGNALS 
ME 
RT FAIL 


FIGURE 1. BUS-65153 BLOCK DIAGRAM 
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TABLE 4. BUS-65153 
PIN DESCRIPTIONS 


TABLE 4. BUS-65153 
PIN DESCRIPTIONS 


oO 
“4 
pel 
~ 


[38 |ATFAIL 
[30 |NBGRT 


40 [RXTXA 
41 |INCMD 
a2|ME 
}43 |CLOCKSEL __| 
[44 |AXTXA 


Oo 


= 
wD 
nf 


DDR_ENA 


See 
TEST POINT 

49 |TXINH 
S0/Ai3_—s 
[51 |CLOCKIN _| 
152 | A12 

153 [A11(MSB) 
IS4{Ai0 
55/A09 
[56/A0CB Cs 
57 
58 
159 |AO5(MSB)__| 
eo |A04 ss 
161|A03,——s 


62 {A02 
163 |A01(LSB) 
64 |A00 
65 |ILEGAL 
[66 |SERVREQ 
[68 |BUSY 
69 |DT REQ 


0O}|O oO;O|}0;|90 O;}9 O |>||x 
B88 Se 8 SER SIS Fs) Ba) 
an v1 rom er rs nN 
mm > 
Dll fmi|z||o 


‘i 


O;o 


3 
- 
2) 
ies] 


7 |RT_ADD_ERR 
ADD_P 
RTADDOO (LSB 
RTADDO1 
RTADDO2 


8 


on D Dinin 
4 nT fee 
S155 > 
we] 
Oo 
— 
~ 


RTADDO4 (MSB 


-15 VOLTS 


ee 
Ex 
Ea 
4 
5 
6 
8 
9 
10 
11 
12 
113 
14 
15 
16 
18 | 
19 | 
20 | 
Ba 
22 
[23 
24 
25 
26 | 
28 | 
20 | 
30 | 
31 | 
32 | 
33 
34 
35 | 
36 


ORDERING INFORMATION 


BUS-65153 - 7 
Reliability Grade: 
883B = Fully compliant 883B 
processing available. 
B= 883B processing available but 
without QCIl testing. 


Blank = 0° to 70° C operation. 


Package: 
5 = Plug-in 
6 = Flatpack 
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BUS-65153 


Dimensions are in inches (mm). 
0.215 (5.08) MAX 


0.070 DIA (TYP) 
(1.78) 


37 


PCC SC OPCS SPECS OSG, 


0.018 DIA. 
(TYP) 


4+ 0.050 (TYP) (1.27) 


ees 0.050 (1.27) 
45 RESET ny + 0.005 0.100 (TYP) (2.54) IND: 
faa FACTORY (020401113) 1.700 DENOTES P) 

TEST POINT 
FACTORY 1.900 MAX. 

TEST POINT SIDE VIEW BOTTOM VIEW 


FIGURE 11. BUS-65153 MECHANICAL OUTLINE 


(0.381 + 0.051) 0.215 MAX 
Dimensions are in inches (mm). j | | | 4 (5.08) i; 
Hy 
70 | | { 36} i 
INDEX DENOTES PIN 1 
‘ 1.000 MAX 
(25.4) 
O.400MINTYP| ‘44 /||| 1 0.010+0.002 
(10.16) / | TYP 
| (0.254 + 0.051) 
0.050 TYP—4 — “| [0.100 
(1.27) 34 EQ SP @ 0.050 = 1.700 (2.54) 
(43.18) (1.27) TOL NONCUM PIN NUMBERS 
FOR REF ONLY 
TOP VIEW SIDE VIEW 


FIGURE 12. BUS-65163 MECHANICAL OUTLINE 


Data Bus Transformers: 
For BUS-65153 use DDC BUS-25679 or B-2203 or 
M21038/12-02. 


wie BUS-65505 AND BUS-65506 


CORPORATION 
MIL-STD-1553B BC/RTU/MT 
UNIBUS® INTERFACE UNIT 


FEATURES 


COMPLETE DUAL REDUNDANT 
INTELLIGENT BC/RTU/MT WITH 
UNIBUS INTERFACE 


DESCRIPTION 


@ SUPPORTS ALL MIL-STD-1553B 
or ; MESSAGE FORMATS AND 
The BUS-65505 provides full, intelligent Unit mode and operation are under 12 MODE CODES 


interfacing between the serial dual re- subsystem control with functional and 
dundant MIL-STD-1553B data bus and __ electrical compatibility with Unibus 
the DEC Unibus. The BUS-65505 Un- _ specifications. 

ibus Interface Unit (UBIU) can be oper- Double buffering the UBIU’s onboard 
ated as a 1553 bus monitor (MT), bus memory prevents partially updated 


4K x 16 DUAL PORT RAM STORES: 
60 BC MESSAGES PLUS ADDRESS 
STACK, POINTER AND MESSAGE 


ponte (BC) or remote terminal data from being read by the subsystem COUNT: 
RTU). The UBIU's 1553 data bus mode ‘ 

processor or transmitted to the 1553 
of operation is under the control of the data bus. The BUS-65505 will store, re- 119 RTU MESSAGES PLUS 
subsystem processors software. The spond to and transmit up to 119 mes- COMMAND WORDS AND 
BUS-65505 is packaged on one multi- sages, depending on the mode of oper- POINTERS; 
layer printed circuit card conforming to ation selected. 16 MT DATA AREAS AND POINTER 
Unibus size specifications and com- aq) \aiL_-STD-1553B functions: address 
plies fully with MIL-STD-1553B; sup- fecognition, Manchester coding valida. | © S/ANDARD ONE HEX HEIGHT 
porting 12 mode codes, all message tion, bit count and mode code response UNIBUS CARD 
formats and complete wraparound are provided transparent to and with- 
Built-In-Test capability. @ UNIBUS NON-PROCESSOR 


out user subsystem intervention. 
The BUS-65505 is easy and flexible to 
use. User overhead is reduced by the 
onboard 4K x 16 memory, vectored in- 
terrupt priority and bus grant levels. 


REQUEST DMA TRANSFERS 


COMPLETE WRAP AROUND 
BUILT-IN-TEST 


BUS-29854 BUS-65101 


DATA XFMR LLG LALLA LLL IETS ATT) BUFFER LLL) DATA 
Z 4 
y 


2 Ee 
2, 4 
DATA pump | Me Ly 
BUSB ean ET ae KZZZZ Voom wom IZZY ween KD ADDRESS 
AV, 
CONTROL a i 7, 
CONTROL ooh} 
BUS REQUEST (4) 
LAMY lle wa BUS GRANT (8) 
Z PROTOCOL Unisys (CNP RG IN OUT (2) 
y; 1/O NPR 
PROTOCOL VA - 
a7 INT 
oy saOTOCoL me 


CONTROL (2) 
INIT 


FIGURE 1. BUS-65505 BLOCK DIAGRAM 
®Unibus is a Registered Trademark of Digital Equipment Corporation. 
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ae BUS-65505 AND BUS-65506 


CORPORATION 


Dimensions are ininches (cm). 


15.6 
(39.6) 


—-O O 


Qqaqaqqa qaqqaqaa 

a~a2a-2 jart2Zz22_-2 

a5o 0 aaSaa 

OBO OOB09 

cerok rOoeror 

RT PARITY—O-O = Ze ce 2a 

TBUSY—O O = oO 99 oOo ¢°0 

ON LINE—O-O x x x x 

S4 CHANNELA D CHANNEL B 

RT ADDRESS COUPLING COUPLING 
8.43 
(21.4) 


INTERRUPT 
VECTOR 
ADDRESS 


$1 


COMMAND/ STATUS © 
REGISTER ADDRESS 


O-O-LNO 99a 


OHO-NI999 


O O-SHd 


) O- LNO SD 
) O-NISD9 


BUS REQUEST/BUS GRANT 
PRIORITY LEVELS 


OQ LNOZl98 
)O NIZ998 


On~O- 9d 
) O-LNO v98 


OO Ya 
O O- bya 


e 
( 


” 
N 


Notes: 
(1) Command Status Register address bits A14-A17 are non-selectable and set to logic “1”. Bits A4-A13 are user 
selectable. 


(2) Interrupt Vector Address bits, D0, D1, and D10 through D15 are non-selectable and set internally to logic “0”. D2 
indicates the type of interrupt: CSR1 or CSR2, (1 = interrupt received, 0 = no interrupt active). 
(3) The UBIU is shipped factory strapped for: 
1553 Channel A = XFMR Coupled 
1553 Channel B = XFMR Coupled 
Remote Terminal Address = 01 
Command/Status Register Address = 111 110 110 000 00- --- 
Interrupt Vector = 0 000 000 100 100 -00 


Interrupt Priority Level = 6 
J2 Connector 
Pin “ Connection 


(4) Pin Definitions 
BUS B POS 


J1 Connector 
Pin ae Connection 


BUS A POS 


BUSA NEG 

FRAME GROUND 
FRAME GROUND 
FRAME GROUND 


BUS B NEG 
FRAME GROUND 
FRAME GROUND 
FRAME GROUND 


FIGURE 12. MECHANICAL OUTLINE AND JUMPER CONFIGURATIONS 


ORDERING INFORMATION For Driver Software contact: 
BUS-65505 Digital Equipment Corporation 
. 1901 West 14th Street 
Power Supply Option: Tempe, Az. 85281-6983 


5 = +12VDC supplies 
= +15VDC supplies 
Mating J1/J2 1553 connectors supplied with card: 
2 each — BERG 65846-007 (connector housing) 
12 each — BERG 47712 (associated terminals) 


Contact: Ms. Darla Lasky 
602/894-4751 


Part No. DDC VAX UNIBUS DRIVER 
Reference DDC Part Nos:.: 
P/N 5500-0609-0001 Magnetic Tape 


P/N 5500-0611-0001 Cassette 
P/N 5500-0610-0001 Floppy Disk 
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DESCRIPTION 


The BUS-65508 provides full, intelli- 
gent interfacing between the dual re- 
dundant MIL-STD-1553B serial data 


bus and the Intel Multibus (IEEE-796). 


The BUS-65508 Multibus Interface Unit 
(MBIU) can be operated as a 1553 bus 
monitor (MT), bus controller (BC) or re- 
mote terminal (RTU). The MBIU’s 1553 
data bus mode of operation is under the 
control of the subsystem processor's 
software. The BUS-65508 is packaged 
on one multi-layer printed circuit card 
conforming to Multibus size specifica- 
tions and complies fully with MIL-STD- 
1553B; supporting 12 mode codes, all 
message formats and complete wrap- 
around Built-In-Test capability. 

The BUS-65508 is easy and flexible to 
use. User overhead is reduced by the 
onboard 4K x 16 memory and six types 


BUS-29854 


pve 


BUS-29854 


BUS-65101 


DATA 
BUSA 


or 


Es 65101 


DATA 
BUSB 


CONTROL 


BUS-65508 AND BUS-65509 


of user interrupts. Unit mode and oper- 
ation are under subsystem control with 
functional and electrical compatibility 
with Multibus specifications. 


Double buffering the MBIU’s onboard 
memory prevents partially updated 

data from being read by the subsystem 
processor or transmitted to the 1553 

data bus. The BUS-65508 will store, re- | ® 
spond to and transmit up to 119 mes- ® 
sages, depending on the mode of oper- 
ation selected. 

All MIL-STD-1553B functions: address 
recognition, Manchester coding valida- 
tion, bit count and mode code response e 
are provided transparent to and with- 

out user subsystem intervention. 


Vstts 


FIGURE 1. BUS-65508 BLOCK DIAGRAM 


®Multibus is a Registered Trademark of Intel Corporation. 


ADDRESS eal 


MIL-STD-1553B BC/RTU/MT 
MULTIBUS* INTERFACE UNIT 


FEATURES 


COMPLETE DUAL REDUNDANT 
INTELLIGENT BC/RTU/MT WITH 
MULTIBUS INTERFACE 

SUPPORTS ALL MIL-STD-1553B 
MESSAGE FORMATS AND 
12 MODE CODES 

4K x 16 RAM STORES: 

59 BC MESSAGES PLUS ADDRESS 
STACK AND POINTER; 

119 RTU MESSAGES PLUS 
COMMAND STACK AND POINTER; 
16 MT DATA AREAS AND POINTER 


6.75” x 12” MULTIBUS CARD 
SEVEN COMMAND REGISTERS 


@ INTERRUPT LEVEL SELECTABLE TO 


ANY OF THE EIGHT 
MULTIBUS INTERRUPTS 


WRAPAROUND BUILT-IN-TEST 
CAPABILITY 


BUFFER K77/7// Gi DATA 


/ 
y 
Z 
BUFFER call ADDRESS 
eee: 
yaa? 
MRDC 
MWTC 
iii iniareciiceocesaet TORO 
MULTIBUS — 
INT (0-7) 
INTA 
XACK 
INIT 


BHEN 
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TABLE 1. BUS-65508 SPECIFICATIONS 
Values at nominal power supply voltages. 
PARAMETER UNITS VALUE 


LOGIC 


lH» les lon: lot 


See Pin Function 
& Loading Table 
2.5min 
0.4 max 
2.4min 
0.8 max 


POWER SUPPLIES 
+5V Supply 
Voltage Tolerance 
Current Drain 
+15V Supply* 
Voltage Tolerance 
Current Drain 
—15V Supply” 
Voltage Tolerance 
Current Drain 


TEMPERATURE RANGE (Case) 


Operating** Oto +70 
Storage °C —65 to +150 


in 6.75*12.0x0.6 max 
(cm) (17.2*30.5*0. 157) 


*BUS-65508 uses + 15V supplies and BUS-65509 uses + 12V supplies. 
**Consult factory for wider operating temperature range. 


10 
4.0 max 


5s) 
300 max 


5 
300 max 


12.00+0.005 — 
0.25 x 45° 
2 PLACES 11.500 = 


BERG CONNECTORS 


COMPONENT SIDE 


0.06R 


TYP —_ 
6.767+0.008 —-——— 


FIGURE 19. BUS-65508 MECHANICAL OUTLINE 


0.015+0.005 x 45° 
2PLACES 


0.390 


ORDERING INFORMATION 
BUS-65508 


Power Supply Option: 
8 = +15VDC supplies 
9 = +12VDC supplies 
Mating J1/J2 1553 connectors supplied with card: 
2 each — BERG 65846-0007 (connector housing) 


F - ABR 12 each — BERG 47712 (associated terminals) 
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DESCRIPTION 


The BUS-65515 provides full, intelligent 
interfacing between the serial dual re- 
dundant MIL-STD-1553B Data Bus and 
the IBM PC Bus. Software controls the 
BUS-65515’'s operation as either a 1553 


Bus Controller (BC), Remote Terminal 
Unit (RTU), or Bus Monitor (MT). 


The BUS-65515 is packaged on one full 


or transmitted to the 1553 Data Bus. 


Additional features include a dynamic 
wrap-around Built-In-Test (BIT), on- 
board Time Tag Counter, jumper pro- 
grammable interrupt level and BUS- 
65515 RTU address selection. The 
BUS-65515 supports all dual redundant 
mode codes and message formats. Its 


IBM PC* 


BUS-65915 
MIL-STD-1553 BC/RTU/MT 


FEATURES 
e©/BM PC INTERFACE WITH 


INTELLIGENT BC/RTU/MT 


INTERFACE UNIT 


@ STANDARD IBM PC CARD SIZE 


@SUPPORTS ALL 1553B DUAL 


REDUNDANT MESSAGE 


FORMATS AND MODE CODES 


@ DYNAMIC WRAP-AROUND 
BUILT-IN TEST 


@ DEDICATED 4K x 16 DUAL 
ACCESS RAM 


DATA INTEGRITY 


@ DOUBLE BUFFER MEMORY 
ARCHITECTURE TO INSURE 


@ ON-BOARD TIME TAG COUNTER 


@® MEMORY MAPPED INTERFACE 


@ SOFTWARE PROGRAMMABLE 


RTU ADDRESS AND DATA 
BLOCK ALLOCATIONS 

@ JUMPER PROGRAMMABLE 
INTERRUPT LEVEL SELECTION 


full compliance with MIL-STD-1553B 
makes it an excellent choice for dynamic 
simulation applications. 


size IBM PC printed circuit card. Its on- 
board 4K x 16 dual access RAM is dou- 
ble buffered, preventing partially up- 
dated data from being read by the CPU 


BUS-63127 
BUS-29854 
a0 Ve — i i a 
Wy 
TRANSCEIVER SEER Ys er 
BUS-65600 
alieeene BC/RTU/MT 


TRANSCEIVER 


4Kx 16 
RAM 


A ADDRESS 
7 aE 


Y 
(CELL 


DATA 
BUS B 
TRANSFORMER 


SELECT 
| ee __ 
MEMWR 
i INT 


RESET 
VO RDY 
FIGURE 1. BUS-65515 BLOCK DIAGRAM 


®IBM is a registered trademark of International Business Machines Corporation. 
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TABLE 10. BUS-65515 PIN FUNCTIONS 


DESCRIPTION 


SIGNAL 
NAME 


IO CHCK 
D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 

lO CHRDY 
AEN 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 


PIN 


Not Used 


Data Bit 7 (MSB) 


Data Bit 6 
Data Bit5 
Data Bit 4 
Data Bit3 
Data Bit 2 
Data Bit 1 

Data Bit O 
I/O Ready 


Address Enable 
Address Bit 19 (MSB) 


Address Bit 18 
Address Bit 17 
Address Bit 16 
Address Bit 15 
Address Bit 14 
Address Bit 13 
Address Bit 12 


GND 
RESET 
+5V 
IRQ2 
=—5V 
DRQ2 
—12V 
Not Used 
+12V 
GND 
—MEMW 
—MEMR 
—lOW 
—lOW 
—DACK3 
DRQ3 
—DACK1 
DRQ1 
—DACKO 


BUS-65515 


TABLE 10. BUS-65515 PIN FUNCTIONS (Cont.) 


SIGNAL 
RIPTION 


Signal Ground 

Reset 

Logic Power Supply 
Interrupt Request 2 
Not Used 

Not Used 

System Power Supply 
Not Used 

System Power Supply 
Signal Ground 
Memory Write 
Memory Read 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 

Not Used 


A11 Address Bit 11 
A10 Address Bit 10 
AQ Address Bit 9 
A8 Address Bit 8 
A7 Address Bit 7 
A6 Address Bit 6 
A5 Address Bit 5 
A4 Address Bit 4 
A3 Address Bit 3 
A2 Address Bit 2 
Al Address Bit 1 
AO Address Bit 0 


CLK Not Used 

IRQ7 Interrupt Request 7 

IRQ6 Interrupt Request 6 

IRQ5 Interrupt Request 5 

IRQ4 Interrupt Request 4 

IRQ3 Interrupt Request 3 
—DACK2 Not Used 

T/C Not Used 

ALE Address Latch Enable 

+5V Logic Power Supply 

OSC Not Used 

GND Signal Ground 


Adjustable 
from 13.125 (33.338) 
to 13.438 (34.133) 


7 1553 DATA BUS A 


= 1553 DATA BUS B 3 
9 


Note: Dimensions are in inches (centimeters) 3.19 | 
(8.1) 0.3 
(0.76) 


FIGURE 35. BUS-65515 MECHANICAL OUTLINE 


ORDERING INFORMATION BUS-65515 
Phase Two Industries 


SOFTWARE 4800 Great America Parkway 
© Contact factory for free Software Suite 400 
P/N BUS-69052 Santa Clara, CA 95054 
Phone (408) 986-8801 
e Contact P.T.I. Fax (408) 986-0646 
For driver and application Software (PC-A! D-D): Mr. Andy Werbach 
H-ABR 
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BUS-65517II 


IBM PC® COMPATIBLE MIL-STD-1553 
SIMULATOR AND TESTER CARD 
FULL 


DATA SHEET 


FEATURES 


DESCRIPTION 


DDC’s BUS-655171] is a versatile, full 
size IBM PC printed circuit card 
designed for the test and simulation of 
MIL-STD-1553 systems. It provides 
full, intelligent interfacing between the 
serial dual redundant MIL-STD-1553 
data bus and the IBM PC. The user 
friendly software allows the BUS- 
65517II to simultaneously simulate a 
Bus Controller (BC), multiple Remote 
Terminal Units (RTUs), and/or a selec- 
table, triggerable Bus Monitor (MT). 
The BUS-65517I may be either direct 
or transformer coupled to an external 
1553 bus for use with user provided 
1553 devices. 

The BC and RTUs evaluate each 1553 
message in real-time, determining if any 
format errors have occurred. Separate 
registers are maintained for the last 
command word and the last status word 
of each emulated RTU. In addition, the 
user may inject errors into any 1553 
message issued by the emulated BC or 
RTUs. These errors include word count, 


AVAILABLE 


bit count, zero crossing, parity, and, in 
the case of emulated RTUs, response 
errors (including the setting of any bit 
within the particular RTU’s status 
word). 

The intelligent MT captures the 1553 
bus traffic. The user can define when 
MT operation is to begin and which 
messages (based on the RTU address, 
T/R bit, and subaddress) are to be, cap- 
tured. Monitored information is dis- 
played on a message by message basis. 

Operation requires an IBM PC or com- 
patible (with DOS 2.1 or higher), 640K 
RAM, BUS-65517II card, and DDC 
provided software. Optional software is 
available to allow the BUS-65117II 
RTUs to respond within the timing con- 
straints of MIL-STD-1553A. An op- 
tional driver allows the user to control 
the operation of the BUS-65517II 
through Turbo Pascal or Microsoft "C". 
These features make the BUS-65517II 
an excellent choice for dynamic simula- 
tion of MIL-STD-1553B systems. 


SIMULATION AND TEST OF 
MIL-STD-1553 SYSTEMS 


SIMULTANEOUS EMULATION OF 
BC, UP TO 31 RTUs, AND MT 


MT MODE RECONSTRUCTS 1553 
BUS TRAFFIC 


ERROR INJECTION/DETECTION 
CAPABILITIES 


USER FRIENDLY SOFTWARE 


OPTIONAL RT PRODUCTION TEST 
PLAN SOFTWARE 


OPTIONAL 1553A RESPONSE AND 
REAL-TIME DRIVER SOFTWARE 


BUS CONTROLLER 
REMOTE TERMINAL 


OU 
INPUT 
UNIT 


DATA 
BUS A 
TRANSFORMER 
= BC/ATU CPU [CONTROL 
Ge Gy, (28002) 
JY, 
DATA CADDRESS4 SHARED 
BUSB MEMORY 
TRANSFORMER CONTROLLER K¢---aODHESSZZLZZIZ. 


AND TIMERS 
OUTPUT 


ENCODER/ 
DECODER A 


ERROR 
INJECTION 


CADDRESS 


ANSI 7 
MONITOR UNIT 
INPUT 


IBM PC RESET 
vO 


MEM 
WRITE 


ENCODER/ 
DECODER A 


MEM 
READ 


Y 
y 
IREQ USER 


g CONTROL 
LoS TD Sey SELECTABLE 
Z LEVEL 
ADDRESS 9 SHARED 
S fo) 
ae I ces 2 
7 > AND TIMERS 
Z 


LLL LLL 


FIGURE 1. BUS-65517I1 BLOCK DIAGRAM 


®IBM PC is a registered trademark of International Business Machines Corporation. 
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Note: Dimensions are in inches (centimeters) 


3.9 
3.9 


1553 DATA BUS A 
1553 DATA BUS B 


FIGURE 7. BUS-65517Il MECHANICAL OUTLINE 


BUS-65517Il 


ORDERING INFORMATION 


BUS-65517I1 MIL-STD-1553 Simulator and Tester Card, 
includes menu software. 


BUS-690XxXIl 
Software Upgrades: 


08 = MIL-STD-1553B Real Time 
Software and "C" Driver 

09 = MIL-STD-1553A&B Real Time 
Software and "C" Driver 

MIL-STD-1553B Real Time 
Software and Pascal Driver. 

19 = MIL-STD-1553A&B Real Time 

Software and Pascal Driver. 

23 = MIL-STD-1553A&B Real Time 
Software, Pascal & "C" Drivers, and 
RT Production Test Plan Software. 

MIL-STD-1553A&B Real Time 
Software, Pascal & "C" Drivers, and 
RT Production Test Plan Software, 
plus Validation Test Plan Software. 


ee) 
I 


24 


Call the technical support number listed below for 
additional literature. 


B-ABR 
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BUS-65519 


MIL-STD-1553 RT PRODUCTION TEST PLAN 
PROTOCOL TESTING SOFTWARE & HARDWARE 


DESCRIPTION 


The BUS-65519 is a turnkey system 
used to automate the protocol tests of 
the SAE RT Production Test Plan. A 
number of military contracts are impos- 
ing this test plan on MIL-STD-1553 sup- 
pliers. 


With the BUS-65519, the test engineer 
characterizes the Unit Under Test (UUT) 
via the user friendly, menu driven 
software. Once this is done, the con- 
figuration can be saved to disk. The 
BUS-65519 can execute the ENTIRE 
production test plan in under 20 sec- 


onds. A report detailing the results of the 
test is automatically generated. 


The BUS-65519 reduces the time re- 
quired to generate customize test 
software from an estimated 3 months, to 
less than 10 minutes. 


The product consists of an IBM PC MIL- 
STD-1553 interface card, an optional 
parallel /O card to generate static inputs 
to the UUT (see ordering information), 
and the menu driven software. 


I/O BOARD, DISCRETE I/O LINE 


FEATURES 


IMPLEMENTS SGere a Vale RT 
BAO TOCOL TEE 
PROTOCOL T. 3 (P TP). 
INCLUDING NOTIC Il TESTS 


COMPLIES WITH LATEST PTP 
SAE RELEASE AS4112 


COMPLETES TEST IN LESS THAN 
20 SECONDS 


DISK STORAGE OF PTP-SUBSET 
AND RT CONFIGURATIONS 


USER FRIENDLY MENU DRIVEN 
DISPLAYS WITH HELP SCREENS 


RUNS ON IBM PC/XT/AT OR 
COMPATIBLE 


INCLUDES BUS-65517II "C" AND 
PASCAL LIBRARIES 


OPTIONAL DISCRETE I/O BOARD 
CONTROL RT ADDRESS AND 
TATUS BITS) 


UNIT 
/ T__] \ pusessie,cannera | unpenvest 


MIL-STD 1553 


[—=to- |=] |__8us-65519, CHANNEL B RT 


KEYBOARD 


FIGURE 1. BUS-65519 OPERATING ENVIRONMENT 
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REPORTS MENU 


This menu sends a report to either the disk or printer. The user may specify N for NO RESULTS, F for FAILED RESULTS, or A for ALL 
RESULTS. 


FILE MENU 


This menu allows the user to save or load a previously saved PTP-subset and RTU configuration to or from a disk. This provides the user 
a convenient way of setting up a variety of products to be tested. 


RUN MENU 


After the user has gone through all the setup menus or selected a previous file, this selection will run all tests selected in the TEST MENU. 
As each test is being run, it will be displayed on the screen and if any errors occur they will also be displayed. 


RESULTS MENU 
After all the tests are completed, the Results menu will display a list (see FIGURE 10) of all tests with any failures that had occured. 
KKKKKKKKKK KEKE KER KKK KKK RK KKK RE KKK KEKE 


Production Tests 


RREKKEKRKREKEKEKREKERKEKERKKEKEKEKEKKEKEKKERKEKEKEKREKKRRRKKKKKRREEEK 


Ke 
4) 
” 
ct 


Bus A Bus B 


Pass Daleks bw Valid RT Address 

Pass Se tee lec Invalid RT Address 

Pass re re are Word Count 

Pass Ge 2édes Subaddress 

Pass ey wee Error Injection 

Pass Sc2aced Dual Redundant Operation 

Pass SateesersOs lL Dual Redundant Shutdown and Overrides 
N/A SatsleeeOse Selective Bus Shutdown and Overrides 


FIGURE 10. RESULTS MENU 


ORDERING INFORMATION 
BUS-65519 - Includes MIL-STD-1553 Tester (BUS-6551 7II) and Production Test Plan Software. 


BUS-65520 - Includes MIL-STD-1553 Tester (BUS-65517II) and Production Test Plan Software, plus Validation Test Plan Software. 


Optional parallel /O Card (PIO-12) - Available from 
METRABYTE 440 Myles Standish Blvd., Taunton, MA 02780 
(508) 880-3000 
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DESCRIPTION 


The BUS-655221I1/6552311/65524 
provides full, intelligent interfacing be- 
tween the serial dual redundant MIL- 
STD-1553B Data Bus and the parallel 
VMEbus and VXIbus. Software con- 
trols the BUS-65522II’s operation as 
either a MIL-STD-1553 Bus Controller 
(BC), Remote Terminal (RT), or Bus 
Monitor (MT). 


The BUS-655221] VME/VXI board is 
packaged on one double eurocard size 
printed circuit card. Its on-board 8K X 
16 of dual access RAM is double buf- 
fered, preventing partially updated data 
from being read by the VME/V XI host or 
transmitted to the 1553 Data Bus. The 
CPU can access any part of the shared 
RAM as needed. 


All MIL-STD-1553 functions: address 
recognition, Manchester coding and 
parity validation, bit count, and mode 
code response are provided without host 


LED INDICATORS 
(BRIGHT GREEN) | 0 a 
(GREEN) | 0 SELECTED 
(YELLOW) | 0 a 
(RED) | 0 FAIL 


BUS-65522ll, 6552311, & 65524 


MIL-STD-1553B BC/RT/MT 
VME/VXI INTERFACE UNIT 


FEATURES 


VMEbus/VXlbus Interface 


processor intervention. The BUS-| ® Standard Double Eurocard Size 
65522II contains eleven VME/VXI and 
1553 registers which allow the 
VME/VXT host to configure its operation 


under software control. 


® BUS-65524 Ruggedized Option 
Avallable 


The BUS-65522II supports four groups 
of vectored interrupts. A custom interrupt 
may be programmed by means of an 
on-board PROM. The interrupt request 
logic may be software controlled as to 
enable/disable, priority level and 8-bit 
vector. 


® 8K X 16 On-board Dual Access 
RAM 


® D16 Data Transfers 


Additional features include an on-line 
built-in loop test, Time Tag counter, 
software programmable base memory 
address, and RT address. The BUS- 
6552211 supports all dual redundant 
mode codes and message formats. Its full 
compliance with MIL-STD-1553B 
makes it an excellent choice for real-time 
applications. 


© A16/A24, A16/A32 Jumper Selec- 
table 


® On-board Time Tag Counter 


© On-board Memory Management 


COUPLING 
SELECT 


TBI 1553 CHA 


XFMR 


BIT 


BUS-65612 eee 63107-720 BUS-27765 
PROTOCOL 15639 CHB 
Eat (oe) 
LOOP TEST 0 
[| rravscenen 4 xeue [~]o of TTT 
°o.U€0°# 


16 
DATA purreR{ OP eT E 


16 
ADDR BUFFER || 


UDS 

LDS 

AS 

INT 

IACK 

IACKIN 
IACKOUT 
DTACK 
READ/WRITE 
SYS RESET 


16 
ADDR A16-A31 


PRIVILEGED 
ACCESS SELECT 
TB7 


rou 
TB3}0 0 °o oO} TB4 
eee 1 5 eee — oe P2 
BASE REGISTER CONNECTOR 
O C8 
Oc5 


°o 
°o 


ACCESS 


BUS-66312 
MEMORY 
MANAGEMENT 


RAM 
BKX16 Q C25 


oo0oo0o0ao00 00 
o0o0o0o C0 000 


VME/VXI 
VO 


24/32-BiT, 
VME/VXI SELECT 


}o o| TBé-1 
fo | TB6-2 


FIGURE 1. BUS-65522I1 BLOCK DIAGRAM 
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TABLE 16. BUS-65522il & BUS-65523II P2 PIN CONNECTIONS 


ca SIGNAL cia SIGNAL a SIGNAL 
NAME NAME 
Bt 


NAME 
C1 


BUS B POS 
BUS B SHEILD 


BUS B NEG 


BUS A NEG 


BUS A POS 
BUS A SHEILD 


BUS-65522ll, 65523il, & 65524 


9.200 + 0.015 
(23.37 + 0.038) 


6.299 + 0.015 


16 = 0.038 
TOP VIEW 


le 3.5 | 


(8.89) 


0.1 
Ee 


Dimensions are in inches (centimeters) (1.12 MAX) 


FIGURE 40. MECHANICAL OUTLINE 


ORDERING INFORMATION 


BUS-6552 


Board Configuration: 


211 = Trapezoidal Transceiver (1553 B), 0 to 70°C 
30 = Sinusoidal Transceiver (MACAIR), 0 to 70°C 
4 =Ruggedized Board, with Trapezoidal Transceiver (1553 B), -55 to +125°C 


BUS-69053 free Microsoft "C" Run Time library of routines available which supports VME/1553 application software. 
For additional information, please contact the Data Bus Applications Group at 1-800-DDC-1772 x234. 


In New York State, (516) 567-5600 x234. 
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BUS-65525 


VMEbus-to-STANAG 3838/3910 
INTERFACE CARD FOR BC/MULTI-RT/MT 


DESCRIPTION 

The BUS-65525 provides a complete 
interface between a VMEbus backplane 
and a dual redundant STANAG 
3838/3910 low-speed/high-speed 
(LS/HS) bus. The BUS-65525 consists 
of a double height (6.3" X 9.2") intel- 
ligent VME slave device and an exter- 
nal fiber optic transceiver. The board 
provides capability for operating as a 
STANAG 3838 (low-speed) Bus Con- 
troller (BC), Remote Terminal (RT), or 
Monitor (MT). In addition, the board 
provides complete capability to operate 
as a 20 Mbps STANAG 3910 (high- 
speed) RT. 

The BUS-65525 features DDC’s 
BUS-61560 Advanced Integrated Mux 
Hybrid with Enhanced RT Features 
(AIM-HY’er), the BUS-63910 Fiber 
Optic Front End (FOF), the BUS-63920 
STANAG 3910 Data Retiming Unit 
(DRU), the BUS-63930 STANAG 3910 
RT Protocol Unit, and 64K words of 
3910 (high-speed) message RAM. 

The VME board portion of the BUS- 


Advance Information 


65525 is register and memory mapped, 
allowing full selection and control of the 
STANAG 3838/3910 operating modes 
and control of memory management, 
base memory address, 3838/3910 RT 
address, and interrupt control. The ar- 
chitecture of the board supports flexible 
operation of the board for both inter- 
rupt-driven and polling applications. 

For its front-end interface, the board 
has a 21-position D-connector. The D- 
connector supports a direct interface to 
the BUS-63910 dual STANAG 
3910/EFAbus fiber optic transceiver 
(included). Alternatively, the BUS- 
65525 may be interfaced to a BUS- 
60000-635 STANAG 3910 electrical 
(50 ohm coax) transceiver. 

The BUS-65525 includes built-in 
self-test features for both the low-speed 
and high-speed sections. The flexible 
memory-mapped architecure of the 
BUS-65525 makes it an ideal choice for 
real-time simulation, test, and system 
integration applications. 


BUS-65525 


VME Board 


VME 
Interface 


© 1991 ILC Data Device Corporation 


| 
BUS g1660 OS _ 
LS 


 BO/RT/MT 
| 
| 
BUS | 
639201 | 
DRU 
a 


| 
64K |B] BUS-63930 | | 
RAM HS | 
| 


Features 


© STANAG 3838/3910/EFAbus Com- 


pliant. 


® includes Board Assembly and 
Fiber Optic Transceiver; Also Sup- 


ports Electrical Transceiver Ap- 
plications 


© A24 Memory, A16 Register 
Mapped, D16 Double Height VME 


Board. 


® BUS-61560 STANAG 3838/MIL- 


STD-1553B Notice 2 AIM-HY’er . 


® Comprehensive STANAG 3910 


Clock/Data Recovery and High- 
Speed RT Protocol. 


® On-Board RAM: 8K Words Low- 


Speed; 64K Words High-Speed. 


® On-Board Self-Test 


3838 Data Bus 


38910 HS Data Bus 


FIGURE1. BUS-65525 BLOCK DIAGRAM 
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9.200 + 0.015 
| 3.5 (23.37 + 0.038) | a 
=a (8.89) — (8.89) 0.14 
Tis oY 4 eae 


6.299 = 0.015 


(16 + 0.038) 
TOP VIEW 


P2 4 
| 4 3.5 | | 3.5 | 0.11 - Le 
(8.89) (8.89) (0.28) 
0.44 MAX 
Dimensions are in inches (centimeters). (1.12 MAX) 


FIGURE 2. BUS-65525 MECHANICAL OUTLINE 


ORDERING INFORMATION 
BUS-6552 


5 = STANAG 3838/3910 Board 
6 = STANAG 3838 (MIL-STD-1553B) Board 
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DESCRIPTION 

The BUS-65526 provides a complete 
interface between a VMEbus backplane 
and a dual redundant MIL-STD-1553B 
Notice 2 bus. The board comprises a 
double height (6.3" X 9.2") intelligent 
VME slave device, operating in 1553 
Bus Controller (BC), Remote Terminal 
(RT), or Monitor (MT) modes. 

The BUS-65526 features DDC’s 
BUS-61560 Advanced Integrated Mux 
Hybrid with Enhanced RT Features 
(AIM-HY’er). As such, it includes dual 
transceiver and encoder/decoder, com- 
plete 1553B protocol, 8K x 16 words of 
on-board RAM, and complete memory 
management for all three modes. 

The board includes a set of ten on- 
board registers. These registers allow 
selection of the 1553 operating modes 
and control of memory management, 
base memory address, 1553 RT address, 


BUS-65526 


VMEbus-to-MIL-STD-1553B 
NOTICE 2 INTERFACE BOARD 


PRELIMINARY 


and interrupt control. 

On-board Interrupt Mask and Inter- 
rupt Status Registers support flexible 
operation for both interrupt and polling 
type applications. 

The memory management scheme for 
RT mode provides an option for separa- 
tion of broadcast data plus a circular 
buffer option for individual RT subad- 
dresses to off-load the VME host CPU. 

Additional features of the BUS-65526 
include RT command illegalization and 
a free "C" software subroutine library, 
the BUS-69058. The illegalization 
scheme allows RT Commands Words to 
be illegalized as a function of T/R bit, 
subaddress and word count/mode code. 
The flexible memory-mapped architec- 
ture of the BUS-65526 makes it an ideal 
choice for real-time simulation, test, and 
system integration applications. 


Features 


Complete 1553B Notice 2 
BC/RT/MT 


STANAG 3838 Compliant 


A24 Memory Mapped, 8K x 16 
On-Board RAM 


© Advanced RT Memory 
Management Features 


© interrupt Status and Time Tag 
Registers 


On-Board Self-Test 


© Free Software Library Available 


ADDRESS 
DECODING 
LOGIC 


VME 
TRANSFER 
BTACK CONTROL 
LOGIC 
TACK TACKIN 
TACKOUT 


© 1991 ILC Data Device Corporation 


ADDRESS 
BUFFER BA12-BAO 


K | sconces accaten 


BASE MEMORY 


RTAD4-0,RTADP 
REGISTER 


NOTICE 2 
BC/RT/MT 


$5 OHM 


55 OHM 


FIGURE1. BUS-65526 BLOCK DIAGRAM 
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we BUS-65526 


CORPORATION 
9.200 + 0.015 
35 (23.37 + 0.038) 35 
(8.89) : (8.89) 0.14 


6.299 + 0.015 
(16 + 0.038) 
TOP VIEW 


0.11 
=) 5 ——+| ane [aia = 0.44 = 
(1.12 MAX) 


Dimensions are in inches (centimeters) 


FIGURE 2. BUS-65526 MECHANICAL OUTLINE 


ORDERING INFORMATION 


+5V/-12V Board 


BUS-69058 "C" Software Library Package 
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BUS-65529 


MIL-STD-1553 BC/RT/MT 
IBM PC/AT® INTERFACE UNIT 


DESCRIPTION 

The BUS-65529 provides full, intel- 
ligent interfacing between a dual redun- 
dant MIL-STD-1553B Data Bus and the 
IBM PC/AT Bus. Software controls the 
BUS-65529’s operation as either a 1553 
Bus Controller (BC), Remote Terminal 
(RT), or Bus Monitor (MT). 

The BUS-65529 is packaged on a half 
size IBM PC/AT printed circuit card. 
The board features DDC’s BUS-61560 
Advanced Integrated Mux Hybrid with 
Enhanced RT Features (AIM-HY’ er). As 
such, it includes dual transceiver and en- 
coder/decoder, complete 1553B 
protocol, 8K words of shared RAM and 
memory management logic for all three 
modes. 

The board includes a set of ten on- 
board registers. These registers allow 
selection of the 1553 operating modes 
and control of memory management, 
base memory address, 1553 RT address, 
and interrupt control. 


LA23-LA17, SA18-SA1 


vO BASE 
REGISTER 
ADDRESS 


ISA 
(PC/AT) 
BUS 


MEMORY 
BASE 
ADDRESS 
REGISTER 


$D15-SD0 


IRQ 15-14, IRQ 12-9, IRQ 7-3 


RESET DRV,SBHE’ BALE,AEN,!OR’ |OW* , MEMR’ MEMW* 


INTERRUPT 
LEVEL 
SELECT 
JUMPERS 


Background Mode Operation prevents 
inadvertent access to the card during 
power-on self-test. 

On-board Interrupt Mask and Interrupt 
Status Registers support flexible opera- 
tion for both interrupt and polling ap- 
plications. 

The memory management scheme for 
RT mode provides an option for separa- 
tion of broadcast data plus a circular buff- 
er option for individual RT subaddresses 
to offload the PC host CPU. 

Additional features include a wrap- 
around Built-In-Test, jumper program- 
mable interrupt level, software 
programmable RT address selection and 
a free C software subroutine library, the 
BUS-69054. The BUS-65529 supports 
all dual redundant mode codes and mes- 
sage formats. Its full compliance with 
MIL-STD-1553B makes it an excellent 
choice for real-time simulation, test, and 
system integration applications, 


(SA16-SA1) A15-A0 


REGISTER 
ADDRESS 
DECODING 


TRANSFER 
CONTROL 
LOGIC 


MEMORY 
ADDRESS 
DECODING 


TB4 


Note: A star *** on a signal name denotes a low enable. 


BUS- 
61560 
1553B 
NOTICE 2 
BC/RT/MT 


FEATURES 


® 1/2 Size IBM PC/AT ISA Compatible 


16 Bit interface Card 

1553B Notice 2 Dual Redundant 
BC\RTMT (STANAG 3838 Com- 
pliant) 

Built-in-Test (BIT) 

8K x 16 Shared RAM 

Software Programmable RT Ad- 
dress, Data Block Allocations, 
Interrupts, and Illegalization 
Selectable Interrupt Level 

Low Power 

Background Mode Operation 


Free Library Software Available 


BUS -29854 


55 OHM 


55 OHM 


FIGURE 1. BUS-65529 BLOCK DIAGRAM 


® IBM PC/XT/AT is a registered trademark of International Business Machines. 
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CORPORATION 
ORDERING INFORMATION 
TB1: 1553 CHANNEL A. Connection selected by jumpers at TB1. 
TB2: 1553 CHANNEL B BUS-65529 
Pini Coupling Type Software: 
DIRECT COUPLED BUS-69054 FREE "C" Library Software (included) 


ze 

| 2 | TRANSFORMER COUPLED* 
| 3 | CENTER TAP* 

| 4 | TRANSFORMER COUPLED" 
|_5 | DIRECT COUPLED 


NOTE: * Installed by factory. 


TB3: I/O BASE ADDRESS. The BUS-65529 is I/O mapped to the 
CPU. The user must know the I/O map of the PC that they are using 
to find an available address. (Adding a jumper sets the selected ad- 
dress bit to a logic "0".) 


Pin# Address 


[1 | SA9 
| 2 | SA8 
| 3 | SAT 
| 4 | SAG 
| 5 | SAS 


NOTE: * Installed by factory 
(DEFAULT I/O ADDRESS = 0360). 


TB4: Interrupt Level Select. The 
BUS-65529 allows the user to select 
the Interrupt Request output from 
among IRQ levels 3, 4, 5, 6, 7, 9, 
10, 11, 12, 14, or 15. To select the 
desired interrupt request line, con- 

i nect the pin corresponding to the 
desired interrupt level. 


Note: The mating connector is 
Trompeter #PL-75-47, and two are 
supplied. 


——— 6.185 ——— 
(157.099) 


PIN# Hardware Interrupt 
Level 


1553 


| 4 | IRQ CHAN 
A 


9 Highest Priority 
4.500 (114.30) 


00000 | 
00000 |: 


oo 
2°] 
oo 
eo 
oo 
eo 
2] 
oo 
oo 
oo 
oo 


Lowest Priority 


AU UL 
_ 0.200 0.095 
(5.080) (22.987) 
1.890 3.190 


(48.006) (81.026) (22.987) 


FIGURE 22. MECHANICAL OUTLINE (with jumper locations) 
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DESCRIPTION 

DDC’s BUS-65535 is a versatile, "B" 
size (6 x 9") VME/VXI printed circuit 
card designed for the test and simulation 
of MIL-STD-1553 systems. With an ar- 


chitecture based on the popular BUS-. 


65517II IDEA board for the IBM 
PC/XT/AT, the card provides full, intel- 
ligent interfacing between a dual redun- 
dant MIL-STD-1553 data bus and a 
VME/VXI backplane. The BUS-65535 
software library(provided), allows the 
card to simultaneously emulate a Bus 
Controller (BC), multiple Remote Ter- 
minals (up to 31 RTs), and/or a selec- 
table, triggerable Bus Monitor (MT). 
The BUS-65535 includes provisions to 
be direct or transformer coupled to an 
external 1553 bus. 

The board provides true BC/multi-RT 
emulation, while processing validating 
messages in real time, and maintains 
separate memory locations for the last 
Command Word and the last Status 


OUTPUT 
INPUT 


DATA 
BUSA 
TRANSFORMER 
DATA 
BUSB 
TRANSFORMER 


OUTPUT 
INPUT 


1553 
TRANSCEIVER 


ENCODERT 
Gy 

— Z 

ERROR Z Z CONTRO 

ey ZZ DATA ZILLA LE - 
UNIT % 
—Y J 
ihe : : 


BUS-65535 


VME/VXI MIL-STD-1553 


SIMULATOR AND TESTER CARD 


Advance Information 


Word for each emulated RT. 

In addition, the user may inject errors 
into any 1553 message issued by the 
emulated BC or RTs. These errors in- 
clude word count, bitcount, Manchester 
and sync encoding, gaps, zero crossing, 
inverse sync, and parity. In addition, for 
the emulated RTs the user may induce: 
late response errors, response on the 
wrong bus, and incorrect status bit er- 
rors. 

The intelligent MT stores the 1553 
bus traffic. The user can define condi- 
tions to initiate monitor storage and 
select which messages are to be stored, 
based on Command Word address, T/R 
bit, and subaddress. Thousands of mes- 
sages can be stored in real-time. 

The software library for the BUS- 
65535 consists of an extensive library of 
driver routines and is available in 
Microsoft C. DDC supports DOS and 
Unix 5.0. Contact DDC for additional 
operating system support software. 


CAT SEW 
Z 


> AND TIM 
% 
LLLLLLLLLLLLLL LL 


Features 


® Simultaneous Emulation of BC, up 
to 31 RTs, and MT. 


© "B" Size, A32 or A24, A16, D16 
VME/VXI Slave. 


® VXI Smart Register-Based Device 
with Self-Test. 


® Real-Time Subsystem Emulation. 


® Extensive Error Injection/Detec- 
tion Capabilities. 


Front Panel Status LEDs. 


® Discrete TTL Inputs & Outputs for 
Special Applications. 


BUS CONTROLLER 
REMOTE TERMINAL 
UNIT 


LOCAL 
. 


Z 


<A 


4 SHARED 


MEMORY 


CADDRESS7 


CZDATAY) 


VME/VXI al 


MEM 
WRITE 


MEM 
READ 
IREQUSER 


SELECTABLE 
LEVEL 


monitor ceu [CONTROL 
(28002) 


CADDRESS = SHARED 
MEMORY 
in CONTROLLER 
ERS x 


LLL ALLL 


FIGURE1. BUS-65535 BLOCK DIAGRAM 
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9.200 


3 
8 


6.299 
(16.000 cm) 


lesen gil amon 
(8.89 cm) 


| ¢—_—__—_——_—- 3.6 ——$——_——_}+ | 
(8.89 cm) 


FIGURE 2. BUS-65535 MECHANICAL OUTLINE 


ORDERING INFORMATION 
BUS-65535 VME/VXI MIL-STD-1553 SIMULATOR AND TESTER CARD 


BUS-69060"C" Run-Time Library Routines 
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DESCRIPTION 


The BUS-65555 provides full, intel- 
ligent interfacing between the serial 
dual redundant MIL-STD-1553B Data 
Bus and the rugged GRiD 1520, 1530, 
and 1535 series laptop XT/AT® com- 
patible computers. Software controls 
the BUS-65555's operation as either a 
1553 Remote Terminal Unit (RTU), Bus 
Controller (BC), or Bus Monitor (MT). 


The BUS-65555 is packaged in a GRiD 
internal battery cartridge so that it be- 
comes an integral part of the computer. 
| It offers the Dual 1553 ports through 
Standard 1553 triaxial connectors. The 
module is equipped factory strapped 
for transformer coupling. Its on-board 
8K x 16 dual access shared RAM is 
double buffered, preventing partially 


BUS-65555 


MIL-STD-1553 RTU/BC/MT 


MODULE FOR GRiD® 


RUGGEDIZED LAPTOP PC 


updated data from being read by the 
CPU or transmitted to the 1553 Data 
Bus. The base address of the registers 
and the onboard shared RAM is user 
selectable by DIP switches. 


Additional features include a wrap- 
around on-line Built-In-Test, on-board 
message Time Tag Counter, RTU ad- 
dress register, Monitor word count 
register. The BUS-65555 supports all 
dual redundant mode codes and mes- 
sage formats. Its full compliance with 
MIL-STD-1553B makes it an excellent 
choice for dynamic simulation in the lab 
or for flight line applications. It can also 
be used as a Software development tool 
for the AIM-HY series MIL-STD-1553 
terminals. 


FEATURES 


© MIL-STD-1553B RTU/BC/MT 
INTERFACE FOR GRiD 
1520, 1530, AND 1535 SERIES 
RUGGEDIZED LAPTOP PC’S 


@ SMALL SIZE & LOW POWER 

® SUPPORTS ALL 1553B DUAL 
REDUNDANT MESSAGE 
FORMATS AND MODE CODES, 
OPTIONAL ILLEGIZATION PROM 


® DYNAMIC WRAP-AROUND 
ON-LINE BUILT-IN-TEST 


® ON-BOARD TIME TAG COUNTER 
& MT WORD COUNTER 


® DEDICATED 8K x 16 DUAL 
ACCESS RAM 


© SOFTWARE I/O REGISTERS 

® MEMORY MAPPED INTERFACE 

@ SOFTWARE PROGRAMMABLE 
RTU ADDRESS AND DATA BLOCK 
ALLOCATIONS 


® LEVEL 5, INTERRUPT PROVIDED 


BUS-63148 
BUS-41429 
Bue a TRANSFORMER TRANSCEIVER Ws Yi, YY; Uf fll: ; j 
ie «one | (AA ar 
— ree YU 


TRANSCEIVER cz x 16 


cz Ea | one iz ADDRESS 
7 


fd eal 


BUS 
° <i com 


MEMORY 
MGMT 


SELECT 


16MHz 


CLOCK sia 


a —— 
GRID 
V0 INT 
a — 


1/0 ROY 


BUS 66312 


FIGURE 1. BUS-65555 BLOCK DIAGRAM 


® IBM XT/AT is a registered trademark of international Business Machines 
© GRiD and GRiDCASE are registered trademarks of GRID Systems Corporation 
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TABLE 1. BUS-65555 SPECIFICATIONS 
pecifications at nominal power supply voltages and 25°C. 
PARAMETERS 


TEMPERATURE RANGE 
Operating (Case) Oto +70 


Storage -65 to + 150 
PHYSICAL CHARACTERISTICS 


Size | 2.9x 1.45x 5.5 
(7.4 x 3.7 x 13.97) 


TABLE 2. REGISTERS/DECODER ADDRESS DEFINITION 
OFFSET CLEARED 

BYTE BY RESET 
ADDRESS COMMAND 
IN HEX 


DEFINITION 


Interrupt Mask Register 
Illegal 

lllegal 

Configuration Register 
Illegal 

Illegal 

Start/Reset Register 
legal 

RTU Address Register 
legal 

Time Tag Register (byte 0)* 

Time Tag Register (byte 1)* 
Interrupt Reset Command Register 
Illegal 

External EOM Command Register 


* in MT mode this becomes a 16 bit word count register. 
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Table 3. SEGMENT ADDRESS 
SWITCH ASSIGNMENT 


ADDRESS 


* Preset to "ON" position, which 
selects C000. A15 selects seg- 
ment C000 or C800. 


CONTACT FACTORY FOR: 


1) Interactive Menu Driven Software 


2) Operations Manual 


ORDERING INFORMATION 


BUS-65555 
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DESCRIPTION 


The BUS-65612 1s a 16 MHz single chip 
dual redundant MIL-STD-1553 Bus 
Controller (BC), Remote Terminal Unit 
(RTU), and Bus Monitor (MT). Pack- 
aged in a Pin Grid Array (PGA), the 
BUS-65612 performs all the functions 
required to interface a MIL-STD-1553 
dual redundant serial data bus trans- 
ceiver, such as DDC’s BUS-63125, and 
a subsystem parallel three-state data 
bus. 


Using a single DDC custom monolithic 
SOS IC, the BUS-65612 features pin- 
for-pin and functional BUS-65600 com- 
patibility, user initiated self-test, and 
low power consumption. 

Compatible with most microproces- 
sors, the BUS-65612 provides a 16 bit 
three-state parallel data bus and uses 
direct memory access (DMA type) 
handshaking for subsystem transfers. 


TXINH A 


TXDATA A 


CHANNEL A 
ENCODER 
DECODER 


] 


| 
| | 


it 


TXDATA B 


TXDATA A 
RXDATA A 
RXDATA A 


CHANNEL B 


TXDATA B ENCODER 
DECODER 
RXDATA B ' 
RXDATA B 
RTADOR 
| 
RTAD 0 ———> if | 
RTAD 1 ——= | ts 
RTAD 2-———> | 
RTADOR PARITY | 
RTAD 3 ————= CHECKER | 
RTAD 4 ———> | 
RTAD P ——__» 


BUS-65612 


MIL-STD-1553 BUS CONTROLLER 
REMOTE TERMINAL 


CONTACT FACTORY 
FOR MORE 


INFORMATION 


All message transfer timing, DMA, and 
control lines are provided internally; 
thereby reducing the subsystem over- 
head associated with message trans- 
tefs. 


The BUS-65612 implements all dual 
redundant MIL-STD-1553 mode codes. 
In addition, any mode code may (op- 
tionally) be illegalized through the use 
of an external PROM. Complete error 
detection is provided by the BUS- 
65612 for BC and RTU operation. Error 
detection includes: response time-out, 
inter-message gaps, sync, parity, 
Manchester, word count, and bit Count. 
The BUS-65612 Is fuliy compliant with 
MIL-STD-1553 and operates over the 
full military temperature range of -55°C 
to +125°C - making it an excellent 
choice for MIL-STD-1553 applications. 


REMOTE 
TERMINAL | 
LOGIC | 


DATA BUS 


CONTROL BUS 


CHANNEL B 


BUS 
CONTROLLER 
CONTA LOGIC 


VvOBUS 


STATUS INPUTS 


MODE CODE CONTROL 


AND BUS MONITOR 


FEATURES 


COMPLETE BC, RTU, OR MT 
OPERATION 


16 MHz SINGLE CHIP BUS-65600 
REPLACEMENT 


CMOS-SOS TECHNOLOGY 
PGA PACKAGES 


IMPLEMENTS ALL DUAL 
REDUNDANT MODE CODES 


SELECTIVE MODE CODE 
ILLEGALIZATION AVAILABLE 


BC CHECKS STATUS WORD 
FOR CORRECT ADDRESS 
AND SET FLAGS 


DMA HANDSHAKING FOR 
SUBSYSTEM MESSAGE 
TRANSFERS 


CONTINUOUS ON-LINE AND 
INITIATED BUILT-IN-TEST 


————— DBACCEPT 
~—— SSFLAG 
SERREO 
————- SSERR 
-———- SSBUSY 


————e WCO-WC4 
——e TA 
—a LMC 
>—— ILLCMD 


DATA BUFFERS 080-08 16 


VOLOGIC es = 
BUFFERS a BCSTART 
CHA'CHB 
| = LOOPERR 
| += MSGERA 
——- STATERR 
}+———e 1 WORD 
| +>——= HSFAIL 
—— STATEN 
| ae BITEN 
NBGRNT 
p+ ADRINC 
NODT 


+——= oI 
Ee BCSTRCV 


FIGURE 1. BUS-65612 BLOCK DIAGRAM 
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CORPORATION 
TABLE 1. BUS-65612 PIN FUNCTIONS (PGA) TABLE 1. BUS-65612 PIN FUNCTIONS (PGA) (Continued) 


wine. runcrion —__[PINNo.| Function | [pmno.| runcrion __pwno.| FUNCTION 


TIM2 ATX 
ANBRQ BUFENA2 
PCLK BUSGRNT 
ARX ILLCMD 
BRX 


PARENA 


SA2 MC2 B8& WCMUXENA 


Bo2 LOOPERR SAO MCO B6 voD 
Bo3 RTPARERR DBO8 SAMUXENA 
Bo4 TESTI DBog 
BOS BRX DB11 
BO6 BROENA SA1 MC1 B7 
BO7 RTAD4 WC4 CWC4 B5 
B08 RTAD2 WC3 CWC3 B4 
Bog Gtk. DBOS 
B10 TIM1 DBo6 
B11 MC _ DBO7 
B12 CMD WC2 CWC1B3 
SA4MC4 WC1 CWC1 B2 
WCO CWCOB1 
DBo2 
DB04 


DBO3 BUFENA1 


0.125+0.012 ——_----1.320 
pease tne 1.200+0.012 
ORDERING INFORMATION ai | a — 


BUS-65612-883B ©0©6©0606600606060606 
M1©©O©OOOOQOOOOOO 
\1© ©OOOOOOOQOOOOO 


Reliability Grade: KiO®@® | 
= Oo8 4 OOO ~o070 re oa | 
883B = Fully compliant with MIL-STD-883. ="; H©OO | 


— = Gi© ©O© 1.320 
B = Screened to MIL-STD-883 without F 
QCI testing E SANA Fi 


01©©OO 
C}O©QOOOOOQHOOQOODO 


Blank = Standard DDC procedures eB ©OGODOQOO OOOO OOO) 
AGS ©©© ©©QOOQOOQOOOO| 
0.050—| ke Ss foes ee 7 marie 
. . NDEX MARK TOP SIDE 
Packaging: PGA (Pin Grid Array ) SIDE VIEW BOTTOM VIEW 


FIGURE 2. BUS-65612 MECHANICAL OUTLINE (PGA) 
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DESCRIPTION 


DDC’s BUS-66312 MIL-STD-1553 to 
Microprocessor Interface Unit simplifies 
the CPU to 1553 Data Bus interface 
while offloading the CPU. It is packaged 
in asmall PGA hermetically sealed. 


The BUS-66312 is designed to be used 
as an intermediary between the CPU 
and a MIL-STD-1553 Bus Controller 
(BC), Remote Terminal Unit (RTU) or 
Bus Monitor (MT). The BUS-66312 
provides a method for using a RAM ac- 
cessible to both the CPU and the 1553 
terminal. By using this shared RAM for 
operation, the CPU can transmit or 
receive 1553 traffic simply by accessing 
the shared memory. 


The BUS-66312 allows all 1553 mes- 
sage transfers to be entirely memory or 


CLOCK IN 


MSTRCLR 
SELECT 


STRBD 
READYD 


RESOLVER 


D15-D2 


Zz 
4o 


MEMORY 
TIMING 

RD/WR 

CPU 
MEM/REG TIMING 
EXTEN 
X 
eneee) CONTENTION 


BUS-66312 


MIL-STD-1553 TO MICROPROCESSOR 


/O mapped. Thus the CPU’s interface to 
this device is simple and hardware and 
software interfacing is minimal. The 
BUS-66312 supports 1553 interface 
devices such as DDC’s BUS-65149 dual 
Universal RTU or the BUS-65612 dual 
BC, RTU, and MT. By operating 
autonomously, the BUS-66312 reduces 
CPU overhead for maintaining the 1553 
interface. Available screened to MIL- 
STD-883, the BUS-66312 is ideal for 
demanding military and industrial 
microprocessor to 1553 interface ap- 
plications. The BUS-66312 operates 
over the full military -55°C to +125°C 
temperature range. 


MICROCODE 
CONTROLLER 


OPERATION : 


CONTROL 
REGISTERS 


CONFIGURATION 
REGISTER 
START/RESET 
REGISTER 
INTERRUPT 
MASK 
REGISTER 


INTERRUPT 
GENERATOR 


INTERFACE UNIT 


FEATURES 


@ COMPATIBLE WITH 
MIL-STD-1750 CPUs 


COMPATIBLE WITH MOTOROLA, 
INTEL, AND ZILOG CPUs 


COMPATIBLE WITH DDC 
BUS-65612 BC/RTU/MT AND 
BUS-65149 UNIVERSAL RTU 


MINIMIZES CPU OVERHEAD 


SIGNAL CONTROLS FOR 
SHARED MEMORY 
IMPLEMENTATION 


TRANSFERS COMPLETE MES- 
SAGES TO SHARED MEMORY 


PROVIDES MEMORY MAPPED 
1553 INTERFACE 


e/BM PC ® DEVELOPMENT CARD 
(BUS-65515) AVAILABLE 


FIGURE 1. BUS-66312 BLOCK DIAGRAM 


®IBM is a registered trademark of International Business Machines Corporation. 
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-PINNO._, FUNTION _|_PINNO. ____FUNCTION _ 
GND 


G11 GND 


Can ana 


GND ssi CTLINB/A 
et NBGRNT __H13__ | MEMREG 


pai | Oe orf oe 
| ai | MeMcs | oz | Dos 
pai | nc | ta | STATERR 
ais} 68 ___ tats] MSGERR 

| Bor | N 


ae 
ki | SOM 
kis | RESET 

|veo 


p08 | veo [ue [067 
| por | ao | tos, | gs 
| Bos | ADRDIR | to? | DR 

_MemwR | toe | TOENBE 


Liz 


-EOM 
|L1s__|_B¢START _ 
Doe 


BUS-66312 


| PINNO. | FUNCTION | PINNO. | FUNCTION | 
woe} ayo 


Bi3 BUSGRNT 


C12 


BUSACK GND 
Toor as mo | re 
Te 


A12 
BUSREQ 
MSTRCLR 


| cor | ats NT 
| boa | Ata | NO 
| 612 | LOOPERR | NOS 

Nos | 


E13 TIMEOUT 
Fo1__|_ SSBUSY Nos | GND 
Foo | DBAC NOS 
ros | erum®——| nor SELECT 
| Fit | clockouT __|_Nos___|_STRBED 


CLKSEL 


Noo 


G01 SSFLAG 


| Go2 | vec | ta | AGEN 
| cos | svenostT. | gS nc 


-—+— 0.125+0.012 


0.080+0.008 


=—=— 0.180 


1 320 


1.200+0. eT | 
——— 0, 100 TYP 


| 
| 
| 


A CEROOICIIOOICIOIOL) 

MOO OOOO OOQO OOOO 

SIORONG © ©© © © 
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0.018 yIO© 
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0.700 = G|© © © © ©© 
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FIGURE 8. BUS-66312 MECHANICAL OUTLINE 
D-ABR 
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Reliability Grade: 
883B = Fully compliant with MIL-STD-883 


B= ScreenedtoMIL-STD-883 but 
without QCI testing. 


Blank = Blank = 0° to 70°C 
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DESCRIPTION 


The BUS-67007, Microcomputer SEM 
E card, provides a general purpose, 
single chip, 16 bit CMOS microproces- 
sor designed for high performance 
floating point and integer arithmetic, 
with extensive real time environment 
Support conforming to the MIL-STD- 
1750A instruction set architecture. The 
PACE 1750A microcomputer and on- 
board 32K x 16 of EPROM offers the 
user an embedded system controller 
that can be used as a generic 1750A 
processor with a full, intelligent dual 
redundant MIL-STD-1553 RTU/BC/MT 
terminal. Its RS-422 port facilitates 
software development and system in- 
tegration. 


The BUS-67007 is packaged on a 
standard SEM E card with a 150 pin 
connector. Its on-board 8K x 16 SRAM 


BUS-67007 


MIL-STD-1750A CPU SEM E CARD 
WITH MIL-STD-1553 RTU/BC/MT 


supports the 1750A CPU. The separate 
internal 8K x 16 dual access shared 
RAM of the BUS-61555 AIM-HY sup- 
ports the 1553B messages, preventing 
partially updated data from being read 
by the CPU or transmitted to the 1553 
Data Bus. The AIM-HY off-loads the 
microprocessor from the tasks of 1553 
Communication protocol and offers the 
host additional RAM for program or 
data. 


The card is equipped with 8 L.E.D.’s 
which gives visual BIT feedback as to 
the CPU self-test, unrecoverable er- 
rors, software errors, RS-422 status, 
EPROM status, SRAM status, 1553 ter- 
minal self-test status, and the CPU 
watch-dog timer status. The BUS- 
67007, requires 5 volt DC power, with 
a total power dissipation under 5 watts. 


FEATURES 


® MIL-STD-1750A CPU CARD 
(PACE a 
MIL-STD-1553 TERMINAL 
(BUS-61555, 5V AIM-HY) 


® 16K WORDS RAM, 32K WORDS 
EPROM ON CARD 


® RS-422 PORT FOR SOFTWARE 
DEVELOPMENT AND DEBUG 


® VISUAL BIT (8 L.E.D.s) 


© 1OW POWER, <5 WATTS, +5 VDC 


OSCILLATOR 


16 MHz 


FAULTS 
1750 CPU 
INT ONTRL 
BUS A MIL-STD-1553B 
BUS B 


RS-422 
SER. INT. 


BIT L.E.D.s 


P| sures [T 


7 


CONTROL 


LOGIC 
CONTROL 


ADDRESS 


BUFFER 


AKO-3, ASO0-3 
1BO-15 


AQ-15 


8K X 16 
SRAM 


CONTROL BUS 


32K X 16 
UVEPROM 


WATCH-DOG 
TIMER 


FIGURE 1. BUS-67007 BLOCK DIAGRAM 
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TABLE 1. PIN-OUTS 


SIGNAL NAME PIN NUMBER DESCRIPTION 
mine 6,56,7,57,8,9,59,60,11,61, | INFORMATION BUS MULITPLEXED ADDRESS AND DATA. USED AS DATA 
12,62, 17,63, 125,126 BUS OFF MODULE.(I180_= MSB) TRISTATE 
139, 138,24,74,25,75,26,76,20 _ 
froma | | SOIS8287A28 7525752) sponess US its = WSE) THSTATE 


Table 2. VISUAL BIT 
L.E.D.s 


CPU SELF-TEST 


ERROR CODE 1 
ERROR CODE 2 
AKO - AK3 105, 106, 107, 108 
roo _nes | © |uyarariga ___| XTENOAD ADDRESS AUS TA STATE rose STATUS 
seeuglon hi puaineela cea anaibayal PARALLEL I/O PAO - PB7 CAN BE DEFINED AS INPUT OR OUTPUT BY 8 SRAM STATUS 
PBO - PB7 VO | 48,49,131,100,99,98,47 Bis, BCh Fe OAT ONY 
PCO - PC2 146,44 45,97 : 1553 STATUS 


WATCH-DOG 


16CLKOUT 16 MHz CLOCK OUTPUT 


1. 8MOUT BAUD RATE CLOCK OUTPUT 
100KHZ 100KHz OUTPUT 
MCLK- 1MCLK 
ec vee ORDERING INFORMATION 
INT2 - INT5 66,65, 16,64 GENERAL INTERRUPTS 
POINT 122 POWER DOWN INTERRUPT BUS-67007 
FOONREQ. «| 1-2 «| CONSOLE REQUEST ACTNELOW.s=s=“‘CSSNOUUOUOOOUO~O~S~SSSS 
|BSGNT- | | 13) INDICATES THATTHIS1750AMAYUSETHEBUS ssid 
rM_O | O [4 PINDICATES MEMORY ORVO ACCESS. ssssC‘“‘“SCSOSCSCS~* 
PRDYD. | | U5 SC INDICATES DATACYCLEISREADYTOTERMINATE sd 
|RDYA | | 155 CC ———_S INDICATES ADDRESSCYCLEISREADYTOTERMINATE sd 
|TRGRST- | O [53  ———————_—_{ PULSED RESET FROM 1750A PROGRAM CONTROL (ACTIVELOW) _| 
SNEW «| 0151 INDICATES AN OPCODEFETCHFROM1750A.sSsSs—~—C~SsSS~*S 
PRESET.-| 0 | 104 | SYSTEM RESET OUTPUT(ACTVELOW)_ 


DAEN- [I [eo TRESTATE CONTROL FOR DATA BUS (AGTVELOW)_—SSS—=S 
fsTRBD- | Oh [58 S™—~—CSCSSCO DATANSTRROBE(ACTIVELOW) a —“(is—s—s—CSCSCidCY 
|STRBA. | CO 67 —“—™s—SSCSCCCCCC#dS ADRESS STRROWE(ACTIVEHIGH)———— —“‘“CS*s*SC—~sS 
PLR WT CO —“—i‘CSCSCSCSCSCSCSCS LAXCHED READ WRTECCONTROL—ss—“—sC—sSCSCSY 
PANALOG_GNO | 1 [15 ST ANALOGGROUND ee —“(tis—“‘“‘“‘S™OC*”™r 
}-I5VDC_ | | 38 —s—SSS—SSCOT ANALOG INPUT SUPPLY-15VDC— ee — —Csid 
P+i5vDC. | | 33s ANALOG INPUT SUPPLY + 15VDC 
|CSRAMO- | OO 137) —SSS—SSSCOT RAM CHIP SELECTOUTPUT(ACTIVELOW) ssid 
|CSRAMF | | 88 ——C—C——CCON. RAM CHIPSET INPUT(ACTIVELOW) ssid 
FLROMCS | | of 90—sSCST LOW BYTE ROM CHIPSET INPUT (ACTIVELOW) i 
FHROMCS | | 42S HGH BYTEROMCHIPSELECT(ACTIVELOW) Cid 
|cSROM- | OO 1136 ———C | ROM CHIP'SELECT.OUTPUT(ACTIVELOW) i s—“‘“CSC*C‘*d”r 
foe, —~s tt ROM OUTPUTENABLE(ACTIVELOW)——is—“—s—“‘“‘“‘“‘(CS™SC~*™Y 
Pvpp CT | 89 ——CCCCCWS: UVEPRROM PROGRAMMING VOLTAGE ——“‘“‘“‘C*~*@Y 
PAI4IN, | tt —isCSCST ALLOWS EEPROM TOBEUSEDIFDESIRED—s—sisdC 
PERROR1 | OO 135 ——s—SSCSCCO | UNRRECOVEERRABLEERREORITHOA—s—s—sSCSCisdz 
PERROR2 | O [77 ——“—*s—‘“CsCSCS MARRERO HOA—s—“—s‘“(si‘“‘“‘S™SCs~*@Y 
|MPTER-— | oT 15 SSS MEMORY POINTERERROR(ACTIVELOW)1750A sd 
|MPAER- | ot [116 SSS MEMORY PARITYERROR(ACTIVELOW) 1750A———s—CSCid 
|XARER- | ot of tt7 SS EEXTERNALADDRESSERROR(ACTIVELOW)1750A sd 
PSFLTONC| tt? CS SYSTEMFAULTI750A— i — —“(—s—“—s—‘“‘“‘“‘™SC*~*@Y 
PSFLT1 | tt SYSTEMFAULT1750A— ee —“(—i‘“‘“‘(‘“‘“‘!WC*dr 
PBSREQ. | CO fat INDICATES THAT THE 1750ADESIRESUSEOF THEBUSSES sid 

REC Pot tae SERIAL COMMUNICATIONS PORTRECEIVEDATA sd 
xm | CO 48S SERIAL. COMMUNICATIONS PORTTRANSMIT DATA 
fctS. | ct SERIAL COMMUNICATIONS PORTCLEARTOSEND sd 
PARTS. CT CO 9S SERIAL. COMMUNICATIONS PORTREQUESTTOSEND sd 

R_W Li | 
|GND.—isd| ta. 10140 LOGE GROUND ——(e—( i ( 
PBUFDR, | | 23s EXTERNAL CONTROL OF 1553 BUFFERS 
PRESIN- =| | 1132) MASTER RESETINPUT(ACTVELOW)——“‘“Cs*s*s*~*~—~CSC~s*™Y 
PCPULK. | Lt? —CCS CLOXCKINPUTT TTON75OAN 


PWe- | O84 ———_sT WARTE. STROBE (ACTIVELO 
PRDE— | O 85 Ss READ STROBE (ACTIVE LOW 
RTADORTAD4 | 1 | 92.137,42.14193 REMOTE TERMINAL ADDRESS 


RTADP | ot [45 CSCS REMOTE TERMINAL. ADORESS PARITY 
RTPARERR- | O [96  ~—————sSY| REMOTE TERMINAL ADDRESS PARITY ERROR 
WAITCLK | ot [36 ~~ —————sYF INPUT CLOCK TO WAIT STATE GENERATOR 


pwocLK | | PbO INPUT. CLOCKTOWATCHDOG TIMER 
FEXTWAT | | [7 OFF BOARD ENABLE OF WAIT STATEGENERATOR 
piemMcLK | | fod INPUTCLOCKTOGLOCKDVIDER 
p18MN Tt ag INPUTBAUDRATECLOCK, 
PINJIN, Tt tg INJECTOR CURRENT INPUTFO450 ONLY 
PTAGEN. | tf a7 SES TIMETAG ENABLE 
woo] O30 WATCH-DOGTIMEROUTPUT 
PDATA A | tag SS CHANNEL A 


|DATAL A | tg CHANNEL A 
POATA BT tag SS CHANNEL 
|DATA Bt gS CHANNEL 
pvoc Tt 80,101,150 LOGIC SUPPLY +5VDC_ 
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DESCRIPTION 


The BUS-68005 is a low cost portable 
instrument for testing and troubleshoot- 
ing MIL-STD-1553A and 1553B sys- 
tems. It provides full function simulation 
of Remote Terminal Unit (RTU) and Bus 
Controller (BC) operation. The BUS- 
68005 implements the protocol tests of 
the proposed SAE AE-9A Production 
Test Plan for Remote Terminals. These 
tests include RT Address, Word Count, 
Subaddress, Error Injection, Dual-Re- 
dundant Operation, Mode Commands, 
Status Word, Broadcast Messages, and 
RT to RT Transfers. BUS-68005 offers 
simple and flexible operation including 
either local programming via the front 
panel 24 pad keyboard and 10 character 


TRIGGER IN 
a SEQUENCE 
TRIGGER OUT at 
BUS A BUS-64201 
SGuNeCCRED ERROR-GENERATING 
ENCODER 
MESSAGE 
CHANNEL RAM 
SELECT 


BUS-8559 
VARIABLE 


BUS-25679 
TRANSFORMER 


BUS-1555 
ERROR-DETECTING 


DEC 


LEVEL 
TRANSCEIVER 


BUS-68005 


MIL-STD-1553 DATA BUS EXERCISER 


alphanumeric display, or remote pro- 
gramming via an 8 bit parallel I/O port, 
RS-232, or IEEE-488 interfaces. The 
IEEE-488 interface is a Direct Memory 
Access (DMA) port, allowing for real- 
time operation. Additional features in- 
clude error generation and error detec- 
tion, single, repeat, or halt-on error op- 
eration modes, variable response time, 
variable message gap, variable trans- 
mitter amplitude, a real-time monitor 
port, programmable response time-out, 
and built-in self test. Its compact size, 
3.47” x 14.5” x 17.0”, and price/perform- 
ance makes it a leader for test applica- 
tions requiring BC and RTU simulation. 


ioiaa mail 
ioiaa mail 


eS 
eS 


ODER 


FEATURES 


IMPLEMENTS PROTOCOL TESTS 
OF SAE AE-9 PROPOSED 
PRODUCTION TEST PLAN 


1553A OR 1553B SYSTEM TESTS 


SIMULATES: 
BUS CONTROLLER 
MULTIPLE REMOTE TERMINALS 


REAL-TIME MONITOR OUTPUT 


ALL PARAMETERS MANUAL AND 
REMOTE PROGRAMMABLE: 
KE YBOARD/DISPLAY 
IEEE-488 WITH DMA 
RS-232 
8 BIT PARALLEL 


ERROR GENERATION/DETECTION 
VARIABLE TRANSMITTER 
LOW COST 


PARALLEL /O 


PARALLEL aneaeml 
INTERFACE va 


RS-232 
VO 
ss 
INTERFACE 
IEEE-488 
Me) aul 
IGEE- | ee 
; ihe INTERFACE 
KEYBOARD 
AND 
DISPLAY 


eee, 
MONITOR 


FIGURE 1. BUS-68005 BLOCK DIAGRAM 
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Poe TABLE 14. MANUAL SWITCH/CONTROL FUNCTIONS 
SWITCH FUNCTION | REMARKS———sisd 


RUN Starts the 1553 data bus message transfer cycle. The ON-LINE indicator lights up and the display 
reads BUSY. 
HALT Stops the 1553 data bus message transfer cycle. The ON-LINE indicator shuts off and the display 
reads HALT. 
I/O SELECT Selects I/O interface as either Parallel, IEEE-488 Rear panel switch 
or RS-232. 


GPIB ADDRESS Selects the Exerciser’s GPIB (IEEE-488) address. Address has 5 bits. Rear panel switch. 


POWER Turns on the internal power supply An initialization and self-test sequence is performed 
immediately after power turn-on. 


VOLTAGE SELECT Selects 115V or 230VAC line voltage. Rear panel switch. 


DIMENSIONS IN INCHES (CENTIMETERS) 
17 x 14.5 x 3.47 (43.2 x 37 x 9.0) 


FRONT PANEL 


DATA BUS EXERCISER iD] DIC BUS-68005 


ILC DATA DEVICE CORPORATION SSS —— — 
Bohemia. New York ‘oa 
l Hy} CLR 1 Hl 
Oo | 1 1 2 3 
RUN —= == 
LOCAL REMOTE BC RT MT SINGLE fe] Fal 
BLOCK | DIR WORD NO 16 BIT DATA ERROR CODE O ORO [eLcK]} «J ae | ae) ee 
TRANSFER FORMAT OO o--0O $9 I =o Si 
— (SEES EES 


SYNC ON-LINE LINE BUS REPLY XMTR- REPEAT 


oureuT Oo Oo 0 0 0 0 © |SBHBRAE 


TRIG 
F 


ACTIVE FAULT TOUT T/OUT 


J1_ POWER VOLTAGE SELECT 15 


F CHA 
115V 230V REAL-TIME MONITOR TRIGGER mN 
2A 


SERIAL NO 
‘ : oaBET 
8-BIT PRL TRS 1.0 RS-232 GPIB 
OO OO PRL RS-232 1 ADDRESS 
c—5 e | es 


° msB LSB 


REAR PANEL 
FIGURE 6. MECHANICAL OUTLINE 


ORDERING INFORMATION 
BUS-68005 


Mating Connector for J15 Amphenol 17-10500-1-390 
included. 


1553 Mating Connector Trompeter PL75-47 (2 included). 


Also included are 2 rack adapters and hardware for full-rack 
mounting. 
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BUS-68010 
MIL-STD-1553 DATA BUS TESTER 


DESCRIPTION 


The BUS-68010 is a low cost bench 
top portable instrument for testing 
and troubleshooting MIL-STD-1553 
systems. Its price/performance makes 
it a leader for Bus Controller, Remote 


display. Packaged in a 3.5x 8.5x 9.3 
inch enclosure, it features error gen- 
eration and error detection, single or 
repeat messages, and variable inter- 
message gap time. BC to RT, RT to 
BC, RT to RT message formats are 
simulated by the BUS-68010. 


FEATURES 
e LOW COST 
@ SMALL SIZE: 3.5” x 8.5” x 9.3” 


@ FLEXIBLE OPERATION: 
BUS CONTROLLER 
REMOTE TERMINAL 
BUS MONITOR 


@ PROGRAMMABLE: 
24 PAD KEYBOARD 


@ ERROR GENERATION 


Terminal or Bus Monitor simulation 
applications. 

Its simple and flexible operation is 
controlled via a 24 pad keyboard, with 
the aid of a 16 character alphanumeric 


The Data Bus Tester’s versatility and 
small physical size make it an ideal 
choice for laboratory and field test- 
ing applications. 


@ ERROR DETECTION 


@ 16 CHARACTER 
ALPHANUMERIC DISPLAY 


MICROPROCESSOR 
ERROR 


DETECTOR 
DECODER 


TRANSCEIVER 


DATA KEYBOARD 
BUS ERA AND 
DISPLAY 


ERROR 
GENERATOR 
ENCODER 


MESSAGE 
RAM 


TIMING 
CONTROL 


i 
Zz 
O 


FIGURE 1. BUS-68010 BLOCK DIAGRAM 
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BUS-68010 


KEYBOARD AND DISPLAY FUNCTIONS 


KEY SEQUENCE 


SELFCTN 
2ore 


ENT 
SEL FRMT 


e2ore 


ENT 
SELS/C 


e2ore 
ENT 


SELTRIG 
DIGIT 
DIGIT 
ENT 


SEL DATA 
2ore 


DIGIT 


DIGIT 


ENT 
SELWERR 


e2ore 


ENT 
SEL BCMC 


@ore 


ENT 
SEL #(t) 


2#orse 


ENT 


GO Starts operation. For continuous message operation, press 
CLR key to STOP. 


Stops operation. Clears last entry. 


CLR 
SEL CMDW 


e2#orse 


ENT 
SEL DSPL 


e2#ore 


ENT 


FRONT PANEL CONTROLS/INDICATORS 


Selects Bus Controller, Remote Terminal or Monitor Mode. 
The arrows scroll to the next choice. 


For Bus Controller mode only. Selects Normal, RT (EXT) to 
RT (EXT), or RT (INT) to RT (EXT) message format. 


Selects single, double or continuous message. The arrows 
scroll to the next choice. 


For Remote Terminal mode. The RT address is entered with 2 
(HEX) digits. For Monitor mode the trigger address is entered. 


Data word and word errors are entered with 6 (hex) digits. 
Word errors include incorrect sync, parity error, long word 
and short word. The arrows scroll to the next word 

in memory. Command words are entered with 4 (HEX) digits 
or, when in expanded field format, 9 (HEX) digits. 


Selects word count error 2 words short, or 1 word short, or 
correct, or 1 wordlong, or 2 words long. The arrow scrolls to 
the next choice. 


Selects Broadcast/Mode Code options. Either one may be ON 
or OFF. The arrows scroll to the next choice. 


Selects the intermessage gap time between 5 msec and 
1000 msec. The arrows scroll to the next choice. 


Selects Command Word display format of 4-digit (HEX) or 
expanded field (HEX). The arrows scroll to the next choice. 


Selects LCD viewing angle. Arrows scroll to the next choice. 


[neron SPAY 


The current mode will be displayed. 


The current message format will be displayed. 


The current message repetition will be displayed. 


The entered address is displayed 


The entered data and word error are displayed. 


The current word count error is displayed. 


The current broadcast and mode code option is displayed. 


The current intermessage gap time is displayed. 


The current Command Word display format choice is displayed. 


The optimum display viewing angle varies through 4 choices. 


MECHANICAL OUTLINE 


3.9 x85" x 9.3" 
(8.9 x 21.6 x 23.6 cm) 


BUS-68010 
1553 BUS TESTER 


[ 


FCTN] {Bcmc DATA 
0 1 3 
FRMT TRIG 
4 7 
sic ) [pspL 
8 9 


SYNC OUTPUT 
ORDERING INFORMATION 
BUS-68010 
Options: 
SAG O = 115 VAC Power 


1 = 230 VAC Power 
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BUS-68015 


MIL-STD-1553 NOISE TESTER 


FEATURES: 
@ IMPLEMENTS MIL-STD-1553 
NOISE REJECTION TESTS 
@ FULLY SELF-CONTAINED: 
NOISE SOURCE 
FILTER AMPLIFIER 
BUS CONTROLLER 
WORD AND ERROR 
COUNTERS 
DEPGhi ren @ PROGRAMMABLE: 
The BUS-68015 Noise Tester is alow ing power-on. 16 PAD KEYBOARD 
cost bench top portable instrument used Packaged in a compact 8.25 x 3.5 x IEEE-488 I/O 
for performing the noise rejection tests 14.5 inch enclosure, manual operation 
specified in MIL-STD-1559. is easily controlled via a if pad e INDEPENDENTLY VARIABLE 
It is fully self-contained, thereby keyboard, with the aid of a 16 character SIGNAL AND NOISE LEVELS 
eliminating the need for special test alphanumeric display. For ATE applica- e@ LOW COST 
equipment. The BUS-68015 has the tions, the BUS-68015 is controlled by © COMPACT SIZE: 


noise source, amplifiers, filters, and tes- 
ter logic built in. Signal and noise levels 


means of its IEEE-488 interface. 
The BUS-68015 Noise Tester’s versatil- 


SB2o X30 X 14,5" 


are user controlled and may be varied ity and small physical size make it an @ 16 CHARACTER 
independently. The BUS-68015 in- ideal choice for laboratory and field test- ALPHANUMERIC DISPLAY 
cludes a self-test feature initialized dur- ing applications. @ AUTOMATIC SELF-TEST 
NOISE FILTER AMPLITUDE NOISE TO 
SOURCE CONTROLLER COUPLER UUT 
NOISE 
AMPLITUDE 
CONTROL 
KEYBOARD TIMING 
& & 
DISPLAY CONTROL SIGNAL 
AMPLITUDE 
CONTROL 
MICROPROCESSOR 
IEEE-488 IEEE-488 
- al oe 
RAM/ROM TO/FROM 
AND TRANSFORMER 1553 
RANDOM DATA BUS 


WORD GEN 


FIGURE 1. BUS-68015 BLOCK DIAGRAM 
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DIMENSIONS IN INCHES (CENTIMETERS) 
8.25 x 3.5 xX 14.5 (20.64 x 8.0 x 36.83) 


BUS-68015 
1553 NOISE TESTER 


SiG NSE] |OSP' 
LVL LVL | [EVN 
OSPL 

ADJ 
[4] 


SELECT 


CLR/ . 


CONTROL 


OoG 
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FRONT PANEL 


J12 POWER 


VOLTAGE SELECT 


® (II) @ 


115V 230V 
GPIB ADRS 


BUS-68015 
S/N use EET] ise o 


REAR PANEL 


FIGURE 9. MECHANICAL OUTLINE 


ORDERING INFORMATION 
BUS-68015 


Note: BUS-68015 is supplied with carry support handle. For 
rack mounting brackets order PN 33395. For full rack 
mounting brackets order PN 33396. 
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DESCRIPTION 


The BUS-69005 MIL-STD-1553 Pro- 
tocol Test software provides a menu- 
driven Automatic Test Equipment (ATE) 
environment using an IBM PC/XT/AT 
host along with DDC’s BUS-68005 Data 
Bus Exerciser and BUS-68015 Noise 
Tester to perform all protocol tests 
specified in the SAE RTU Production 
Test Plan (Section 5.2). 


Using a National Instruments GPIB 488 
/O board, the Complete RTU Protocol 
PTP or any subgroup of tests can be 
executed simply by choosing the ap- 
propriate test(s) and factory or user-de- 
finable default parameters from respec- 
tive menus. Halt on Error, Single Test 
Execution, Repeat Sequence and Con- 
tinuous testing options are all supported 
and menu-selectable. 


BUS -68005 


1553 BUS A 


BUS-69005 
MIL-STD-1553 PROTOCOL SOFTWARE 


FEATURES 


IMPLEMENTS COMPLETE SAE 
RTU PRODUCTION TEST PLAN 
PROTOCOL TESTING (PTP) 


MENU-DRIVEN COMPLETE/ 
PARTIAL PTP EXECUTION 


Test parameters describing Unit-Under- 
Test (UUT) capabilities and tests to be 
performed are stored on disk in Config- 
uration files. Multiple Configuration files 
can be updated and saved on a single 
disk to meet various device/test require- 
ments. Minimizing operator set-up time, 
a Configuration file can be saved under 
the filename DEFAULT. and auto-loaded. 


The BUS-69005 software features a 
simple-to-use on-line help facility allow- 
ing the user to select a particular test 
paragraph in the PTP option, depress 
the HELP (F1) key, and the respective 
paragraph within the SAE document is _ 
displayed. A print option is also available 
to produce hard copies of the Configura- 
tion files and individual UUT test results. 


DISK STORAGE OF PTP-SUBSET 
AND RTU CONFIGURATIONS 


SINGLE, CONTINUOUS AND 
HALT-ON-ERROR EXECUTION 


SELECTABLE TEST DATA 
PRINTOUT 


MENU-DAIVEN HELP DISPLAYS 
PTP PARAGRAPHS 


RUNS ON IBM PC/XT/AT ® 
OR COMPATIBLE 


BUS -68015 


1553 BUS B 


Le. 
(MIL-STD-1553 RTU) 


FIGURE 1. BUS-69005 OPERATING ENVIRONMENT 


@®IBM PC/AT/XT are registered trademarks of International Business Machines Corporation. 
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BUS-69005 OPERATING ENVIRONMENT INSTALLATION 


IBM PC/XT/AT 
OR 


©. ~ COMPATIBLE 


i NATIONAL INSTRUMENTS 
GPIB-PC2A 
A 
BUS-69005 INTERFACE CARD 
PROGRAM 
DISK 
| 


SHLD 


TL _ 


13 TRIGGER INPUT SYNC OUT 


a 
16,17,34,35 GROUND GROUND 
J15 


REAL TIME 
MONITOR’ 
TRIGGER 


J2 


BUS-68005 
DATA BUS EXERCISER 


*DATA BUS TERMINATING RESISTORS: 
35 OHMS FOR DIRECT COUPLED RTU UNDER TEST 
70 OKMS FOR TRANSFORMER COUPLED RTU UNDER TEST 


OPTIONAL AUTOMATIC 
CONTROL CIRCUIT 


BUS-68015 
NOISE 
TESTER 


BUS-69005 


J9 
orl DIRECT 


BUS OUTPUT 


1553 BUS B 


PRI (BUS A) SEC (BUS B) 


REMOTE TERMINAL UNIT 
UNDER TEST 


RTU “SUBSYSTEM” INTERFACE 


rr rs | 
| | sussystEM | 

FIXTURIZATION , pe | 
eee he 


FIGURE 6. BUS-69005 OPERATING ENVIRONMENT ELECTRICAL SET-UP 


ORDERING INFORMATION 
BUS-69005 MIL-STD-1553: PROTOCOL SOFTWARE 
To obtain data sheets on the following products, consult factory. 


BUS-68005 MIL-STD-1553 DATA BUS EXERCISER 
BUS-68015 MIL-STD-1553 NOISE TESTER 
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DESCRIPTION 


The BUS-69006 MIL-STD-1553 Protocol Test software provides 
a menu-driven Automatic Test Equipment (ATE) environment 
using an IBM PC/XT/AT host along with two of DDC’s BUS-68005 
Data Bus Exercisers to perform all protocol tests specified in 
the SAE RTU Production Test Plan (Section 5.2). 

The BUS-69006 Production Test Plan Software operates the 
same as the BUS-69005 Software with the following exception: 

In order to run Paragraph 5.2.2.1 of the PTP Dual Redundant 
Operation (or Bus Switching Test), a second BUS-68005 Data 
Bus Exerciser is used (instead of a BUS-68015 Noise Tester) 
in conjunction with the primary BUS-68005. It is necessary to 


BUS-68005 #1 


1553 BUS A 


EAS Pe 
(MIL-STD-1553 RTU) 


BUS-69006 ADDENDUM TO BUS-69005 
MIL-STD-1553 PROTOCOL SOFTWARE 


PERFORMS BUS SWITCHING 


TEST WITH TWO BUS-68005s 


have two (2) BUS-68005s installed on the GPIB bus in order to 
run the BUS-69006 software. 


The second BUS-68005 is referred to as BUS-68005 #2. The 
BUS-68005 #2’s GPIB Address factory default is 2 and may be 
changed with the INS69006 (installation) program. The factory 
default of the National Instruments GPIB-PC2A Card and BUS- 
68005 #1 remain 0 and 1, respectively. 


In the TEST CONFIGURATION menu for the BUS-69006, there 
is an entry for the BUS-68005 #2 Transmitter Amplitude. The 
factory default is 87, the same as BUS-68005 #1 CH A and CH 
B. This provides approximately 3.0 Vpp across 35 Ohms as 
required by the PTP for direct coupled RTUs. 


BUS-68005 #2 


1553 BUS B 


FIGURE 1. BUS-69006 OPERATING ENVIRONMENT 


BUS-69006 OPERATING ENVIRONMENT 
INSTALLATION 

Figure 2 illustrates the full electrical set-up required to use the 
BUS-69006 operating environment. Table 1 lists the cable con- 
nectors required. 

The BUS-69006 set-up is similar to the BUS-69005 with the 
following exceptions: 

1. The BUS-68005 Data Bus Exerciser is designated BUS- 
68005 #1 and the BUS-68005 (which replaces the BUS- 
68015) is designated BUS-68005 #2. 

2. Connection to the optional automatic control circuit for 
control of RTU Address and Status Word bits is from the 
Parallel l/O port connector J2 of BUS-68005 #1, not BUS- 
68005 #2. 

3. 1553 Bus A connects from J9 (CH A) of BUS-68005 #1 
to BUS A input of the RTU under test. 1553 Bus B connects 


TABLE 1. BUS-69006 SUGGESTED MATING CONNECTORS 
BUS-68005 CONNECTOR 


J2 (PARALLEL 1/O) TRW DB25S (DB25 FEMALE) 

is (TRIGGER INPUT) | AMPHENOL 17-10500-1-390 

50-PIN FEMALE 

TROMPETER PL75-47 TRIAX MALE 
TROMPETER 14949 


J9, J10 (CHA, CHB) 
CABLE, TRIAX 


from J10 (CH B) of BUS-68005 #1 to J9 (CH A) of BUS- 
68005 #2, and to the BUS B input of the RTU under test. 


4. As shown in figure 1, a cable is required to connect be- 
tween the two Real Time Monitor/Trigger I/O connectors 
(J15) of the two instruments. Note that TRIGGER OUTPUT 
(J15-12) from each BUS-68005 is connected to TRIGGER 
INPUT (J15-13) on the alternate instrument. 
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CORPORATION 


IBM PC/XT/AT 
OR 


©. = COMPATIBLE 


BUS-69006 
PROGRAM 


DISK 
GPIB 


J15 


J2 


8-BIT GPIB REAL TIME TeMTOn: GPIB 
PARALLEL MONITOR, TRIGGER 
7) TRIGGER 


BUS-68005 #2 
J10 DATA BUS EXERCISER 
CH.B BUS-68005 #1 NOTE 1 
DATA BUS EXERCISER 


j 1553 BUS B 
aig 


NOTE 2 


Notes: 
1. Front panel direct coupled connectors shown. 
2. 35 Ohms for direct coupled RTU under test. 

70 Ohms for stub coupled RTU under test. 


PRI (BUS A) 


SEC (BUS B) 


REMOTE TERMINAL UNIT 
UNDER TEST 


RTU “SUBSYSTEM” INTERFACE 


rs ~~] 

| | 
OPTIONAL AUTOMATIC l SOUNDER | 
CONTROL CIRCUIT ! FIXTURIZATION ; ‘Test | 
be el ee 


FIGURE 2. BUS-69006 OPERATING ENVIRONMENT ELECTRICAL SET-UP 


ORDERING INFORMATION 
BUS-69006 MIL-STD-1553 PROTOCOL SOFTWARE 
To obtain data sheets on the following products, consult factory. 
BUS-68005 MIL-STD-1553 DATA BUS EXERCISER 
BUS-69005 MIL-STD-1553 PROTOCOL SOFTWARE 
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CORPORATION 


1 | 
esses Xs 


DESCRIPTION 
Free software is now available to sup- 
port the BUS-61553 (AIM-HY), BUS- 
61559(AIM-HY’er), BUS-65515, 
BUS-65522II, BUS-65529, BUS- 
65531, and BUS-65555. The use of 
these libraries allow the 1553 com- 
ponents and board level products to be 
controlled and accessed by means of 
high-level subroutine calls rather than 
by low-level bit and word opera- 
tions. This dramatically reduces the time 
required to develop real time applica- 
tion software for MIL-STD-1553 ter- 
minals based on these products. 

The software consists of a library of 
run time routines to perform common 
MIL-STD-1553 functions. Source code 
and complete documentation is 
provided to allow a programmer to cus- 
tomize the library, add additional 
routines, and incorporate the routines 
into in-line code. An extensive self test 
routine is also provided. 

The "C" library routines provide 


The following example sets up an AIM-HY or AIM-HY’er as 
a Bus Controller. It sends a massage to RT #1, instructing it to 


receive two words to subaddress #1. 


/* Issue a Reset Command to Initialize AIM-HY */ 


flag = reset_AIM; 
PRINT_ERROR_MSG (flag); 
CLEAR_RAM(): 

flag = DEF_MODE(BC) ; 
PRINT_ERROR_MSG (flag); 


/* Define the Bus */ 
message.bus= BUS_A; 


/* Define the type of message */ 
message.self_test= NO; 
message.mask_broadcast_bit= NO; 
message.broadcast = NO; 
message.mode_code = NO; 
message.rt_rt = NO; 


/* Define the RT Address */ 
message.cmd_1.taddr =1; 


BUS-69050 SERIES 


structures for all internal registers and 
memory map. This greatly reduces the 
learning curve for new users, and 
provides clear, readable code. 

Most applications can use the default 
data structures employed without 
modification. 

Error codes indicate an invalid 
parameter has been detected; this 
reduces software debugging time. 

The software is provided in ASCII 
format ona 5 1/2 inch, IBM® PC, DOS 
compatible floppy disk. The user can 
easily transfer this code to other, non- 
PC systems, such as VME based sys- 
tems. 

An IBM PC compatible card, con- 
taining either the AIM-HY or the AIM- 
HY’er, is available from DDC. This 
allows programmers to develop 
software for a DDC based MIL-STD- 
1553 terminal, while the terminal’s 
hardware design is still in progress. 


oo "C" SOFTWARE LIBRARY TO SUPPORT THE 
-.~——s- BUS-61553, BUS-61559, BUS-65515, BUS-65522Il, 
©: BUS-65529, BUS-65531, and BUS-65555 


Features 


Free Library of "C" Routines 


Source Code and Complete 
Documentation Provided 


Provides Modular, Readable 
Code, Reducing Software 
Development Time 


"C" Structures Eliminate Need to 
Learn Detailed Address / Bit 
Maps and Data Formats 


/* Define the T/R* bit */ 
message.cmd_1.t_r = RECEIVE; 


/* Define the Word Count */ 


message.cmd_1l.wcnt = 7 


/* Define the Data Words */ 
data_buffer[O] = 0x1111; 
data_buffer[0] = 0x2222; 


/* Define the Message, Format: / 

/* Message #, message, data buffer, word count */ 
flag = DEF_MSG(1, message, data_buffer, 2); 
PRINT_ERROR_MSG (flag); 


/* Define the frame, Format = frame #, starting position, # of 
messages, # of times to run */ 

frame_item[O] = 1; 

flag = DEF_FRAME(1, frame_item); 
PRINT_ERROR_MSG (flag); 


/* Issue the Message */ 
flag = RUN_BC(STACK_1, 1, 1, 1); 
PRINT_ERROR_MSG (flag); 


EXAMPLE OF USE 


® IBM PC/XT/AT is a registered trademark of International Business Machines. 
t™ GRiD and GRiDCASE are registered trademarks of GRID Systems Corporation. 
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ILC DATA DEVICE 


CORPORATION 
ORDERING INFORMATION 
BUS-69050 — "C" Library for the BUS-61553(AIM-HY) 
Family of Components (BC/RT/MT) 
BUS-69051 — "C" Library for the BUS-61559(AIM-HY ’er) 
Family of Components (BC/RT/MT) 
BUS-69052 — "C" Library for the BUS-65515 
(IBM PC/XT/AT BC/RT/MT) 
*BUS-69053 — "C" Library for the BUS-65522II 
(VME/VXI BC/RT/MT) 
**BUS-69054 — "C" Library for the BUS-65529 
(IBM PC/AT BC/RT/MT) 
***BUS-69055 — "C" Library for the BUS-65555 
| (GRiD™ BC/RT/MT) 
*BUS-69056 — "C" Library for the BUS-65531 
(IBM PS/2 BC/RT/MT) 
* Contact factory for Release Dates 
**High Density 514 Diskette 
***High Density 312 Diskette 
A-ABR 
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BUS-8553 


DESCRIPTION 


The BUS-8553 Transceiver is a com- 
plete transmitter and receiver conform- 
ing fully to MIL-STD-1553A and 1553B. 
Features of this high reliability trans- 
ceiver include: Harris 15530 type En- 
coder/Decoder direct interface capabil- 
ity, +15V or +15V and —12V power 
supply voltage requirements, and an in- 
ternal (factory pre-set) threshold level. 


Figure 1 illustrates a block diagram of 
the BUS-8553 Transceiver. The re- 
ceiver section accepts phase-mod- 
ulated bipolar data from a MIL-STD- 
1553 Data Bus and produces TTL signal 
data at its outputs: RX Data Out and RX 
Data Out. These outputs represent 
positive and negative excursions of the 
input Bus signals beyond a preset 
threshold level. The receiver can be 
taken off-line (outputs disabled) by the 


SHORT OR ISOLATION 


COUPLING 


TRANSFORMER i RX Data In i 


TX Data Out 


application of a logic “O” to the STROBE 
input. 


The transmitter section accepts bipolar 
TTL signal data at its TX Data and TX 
Data input lines and produces a 28Vpp 
differential signal across a 140 Ohm load 
that’s coupled to the TX Data and TX 
Data outputs via transformer. An exter- 
nal input, INHIBIT, takes priority over the 
transmitter inputs and disables the trans- 
mitter when activated with a logic “1”. 


The BUS-8553 Transceiver is packaged 
in a 24 pin DDIP, measuring 1.4 x 0.8 
x 0.2 inches. Its small size, low power 
dissipation, and direct interface com- 
patibility with Harris 15530 type En- 
coder/Decoder make it an excellent 
choice for any MIL-STD-1553A_ or 
1553B Transceiver application. 


RX Data In 


= 


MIL-STD-1553 TRANSCEIVER 


FEATURES 


@ MEETS ALL MIL-STD-1553A AND 
1553B REQUIREMENTS 


e VERY LOW POWER DISSIPATION 


@ IMPROVED FILTERING ON 
RECEIVER TO ENHANCE BIT 
ERROR RATE OF SYSTEM 


@ +15VOR +15V AND —12V 
POWER SUPPLY VOLTAGES 


@ SCREENED TO MIL-STD-883 


@ HARRIS 15530 ENCODER/ 
DECODER DIRECT INTERFACE 
COMPATIBILITY 


FIGURE 1. BUS-8553 BLOCK DIAGRAM 


~12V 
OR 
+15V -15V+5V RECEIVER STROBE 
rh Xd a ra 
BI-PHASE 
TTLDATA 
PHASE MODULATED| RECEIVER SECTION 
BIPOLAR DATA COMPARATOR 


) RX Data 


lay Data : DECODER 


| 
| TX Data In 


| 
| 
TX Data Out | TX ENCODER 
Data In 
| 
| 
TX INHIBIT 
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ILC DATA DEVICE 
CORPORATION 


TABLE 1. BUS-8553 SPECIFICATIONS 
PARAMETER VALUE 


RECEIVER 


Input Level 40Vpp, differential, max 
Internal Threshold"? 0.56Vpp min, 1 Vpp max 
CMRR 40 db, min 

Input Resistance, differential 7K Ohm, min 


Input Capacitance, differential 5pf, max 


DRIVER 
Output Level 


28Vpp, nominal, across 
140 Ohm load 

130ns, typical 

10mVpp, differential, max 

+901nVpp, max differential 
across 352 load 


Rise/Fall Time 
Output Noise 
Output Offset 


Output Impedance 
(Non-Transmitting) 

Output Resistance, differential 

Output Capacitance, differential 


LOGIC; TTL/CMOS Compatible 
Receiver Strobe Input 
All Logic Outputs (Receiver) 
Transmitter Inhibit Input 
Transmitter TX Data 
and TX Data Inputs 


POWER SUPPLY REQMTS 


Non-Transmitting (typ/max) 

Transmitting, 50% duty cycle 
(typ/max) 

Transmitting, 100% duty cycle 

(typ/max) 


THERMAL 


10K Ohm, min 
5pf, max 


2LSTTL loads, max 
10 LSTTL loads, min 
1 TTLload, max 


2 TTLloads, max 


+5V+10%] + 15V+5% |—-15V+5% 


40/50mA | 30/40mA | 25/30mA 


40/50mA |110/130mA} 25/30mA 


40/50mA |200/220mA| 25/30mA 


Operating Junction Temp.” —55°C to 160°C 
Operating Case Temperature | —55°C to 125°C 
Storage Temperature —65°C to 150°C 


Thermal Resistance 
Junction to Case (Hottest Die) 
Case to Air 


POWER DISSIPATION 
Non-Transmitting (typ/max) 
Transmitting, 50% duty cycle 

(typ/max) 
Transmitting, 100% duty cycle 

(typ/max) 


POWER DISSIPATION 
Transmitting, 50% duty cycle 
(typ/max) 
Transmitting, 100% duty cycle 
(typ/max) 


MECHANICAL 
Size, 24 Pin DDIP, inches (mm) 


110°C/W 
30°C/W 


Total Hybrid 
1.0/1.3 


1.7/2.0W 


2.3/2.8W 


Hottest Die 


0.14/0.16W 


0.28/0.31W 


1.4x0.8x0.2 
(35.6 x 20.3 x 5.1) 
0.40z typ 


Weight 


Notes: 


(1) The Threshold Level, as referred to in this specification, is meant to be the 
maximum peak to peak voltage (measured on the Data Bus) that can be applied 
to the receiver without causing the output to change from the OFF state. 

(2) For any transmitting duty cycle (derating not required). 


G - ABR 
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BUS-8553 


0.170 MIN 
PINLENGTH 
(4.318) 


0.200 MAX SIDE VIEW 


(5.08) 


0.015 MAX 
(3.81) 


SEATING 
(24 PLACES) a 
0.125 (3.175 
lee Ne 0.080 { 2.032 
RAD (3 PLACES) 


ooo 0 00.00 0000 
13 24 


— 


0.805 MAX 


(20.447) 0.600 +0.002 


(15.24+0.127) 


BOTTOM VIEW 


12 1 
O-O.0 0 O00 O00 0 00 0 


1.100+0.005 
12 PINS EQUALLY SPACED 
(20.100+0.002, TOLERANCE 


0.103+0.005 
NON-CUMULATIVE eclegaey) 
0.150+0.005 F 
(3.81 +0.127) 90° PIN 1 
(IDENTIFICATION 
CORNER) 
Notes: 


bo 


(1) Dimensions are in inches (millimeters). 

(2) Lead identification numbers are for reference only. 

(3) Lead cluster shall be centered within +0. 10 of outline dimensions. Lead spacing 
dimensions apply only at seating plane. 

(4) Pin material meets solderability requirements of MIL-STD-202E, Method 208C. 


FIGURE 4. MECHANICAL OUTLINE 24 PIN DDIP 


ORDERING INFORMATION 
BUS-8553-883B 


Reliability Grade: 
883B = Fullycompliant with MIL-STD-883 


B= Screened to MIL-STD-883 but 
without QCI testing. 


Blank = Standard DDC procedures. 


Mating Transformer BUS-25679 


BOGS 


ILC DATA DEVICE 
CORPORATION 


BUS-8559 


VARIABLE OUTPUT 
MIL-STD-1553 TRANSCEIVER 


DESCRIPTION AND 


p-p differential signal across the 145022 


FEATURES 


& 
APPLICATIONS load, when measured at point ‘’B”, pees TRANSMITTER 
; oe Figure 2. When coupled to the data 
Designed specifically for use in auto- bus with the specified transformer”, 
— - a es a ee isolated (on the data side) with two @ TRANSMITTER/RECE/VER IN 
Pare et BUEPUS sever Jp JeuNeG: §=-BE.O) fault. isolation: fesistors, and A SINGLE 24 PIN DDIP 
the DDC Model BUS-8559 = Trans- laaded by two 70Q terminations (plus HYBRID 
acaone iis alley a ence + additional receivers), the data bus sig- 
ore Sag He ane OBIs nal produced is 0 to 7.5 volts nominal 
1553A and 1553B. The receiver sec- p-p ai ae at point “A” (Figure 2). @ VERY LOW POWER 
tion accepts phase-modulated bipolar DISSIPATION 


data at the input and produces a bi- 
phase TTL signal at the output (Fig- 
ure 1). The outputs, DATA and 
DATA, represent positive and negative 
excursions of the input beyond an 
internally fixed threshold. These 
positive and negative thresholds are 
internally set at the factory for a 
nominal 1V p-p signal, measured at 
point “A”, Figure 2. An external 
strobe input is provided to allow the 
removal of the receiver from the line. 


When both DATA and DATA inputs 
are held low or high, the transmitter 
presents a high impedance to the line. 
An external inhibit input is provided 
to allow the removal of the transmitter 
output from the line (Figure 3). A 
logic “1° applied to the “INHIBIT” 
takes priority over the condition of 
the data inputs and disables the trans- 
mitter. 


The transceiver is available in a 24 pin 
hybrid package measuring 1.4 x 0.8 x 


@ MEETS MIL-STD-1553A AND 


1553B 


IMPROVED FILTERING ON 
RECEIVER TO ENHANCE 
BIT ERROR RATE OF 
SYSTEM 


@ +75V OR +15 AND —12V 


A logic “0” applied to “STROBE” 0.2 inch, and can be used in any MIL- OPERATION 
will disable the receiver output. STD-1553 application which requires 
The BUS-8559 transmitter section the use of a transceiver. 
accepts bi-phase TTL data at the input *Transformer P/N BUS-25679. See 
and produces a 0 to 27 volt nominal Mechanicals. 
VAR Vee 
7 +15 +5 (0 to +15V) 
\ BUS-8559 


COMPARATOR 


RECEIVER STROBE 


RX DATA 


| 
DATA | 
| il LIMITER _ . FILTER 
| | 
=e | ! 
| =: Le AX DATA 
| 
| COMPARATOR | 
| | 
| SHAPING 
L< O<DRIVER enh (7 —— 
ol SHAPING 
—— O A A 


FIGURE 1. BLOCK DIAGRAM 


zed 
| 
: | 


TX INHIBIT 
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BUS-8559 


Input Impedance 
Threshold Level 


Output Level 
Outputs: 


VoL 


TRANSMITTER 


Input Level 
Inputs: 


4 KQ differential min 

1V p-p nominal, internally set (direct 
coupled mode) 

TTL, 10 LS Loads 


0.6V max 
2.5V min 
4mA max 
—400 uA max 


TTL, 2 LS Loads 


2V min 


CORPORATION 
SPECIFICATIONS-TRANSFORMER AND BUS-8559 HYBRID | | MECHANICAL OUTLINE 
24 Pin Double DIP 
RECEIVER —— | “— 
Input Level 40V p-p differential max 


——- 
Whe re 


tie PLANE 
(24 PLACES) 
-170 MIN 
PIN 
1, M 
SOMA LENGTH 
016 


O0O0000000000 
13 24 


(BOTTOM 
VIEW) 


12 1 
OO00000000000 


1.100 +.005 
12 PINS EQUALLY SPACED 


@ 100 +.002, TOLERANCE 
0 8V max NON-CUMULATIVE 
80 vA max te NDENTIFICATION 
RAD (3 PLACES) OANER 
Vy —3.2mA max 
Output Level 0 to 27V p-p nominal across 1452 load NOTES: 


0 to 20V p-p nominal (measured at point 
C, Figure 2) 


1. Dimensions shown are in inches 
2. Lead identification numbers are for reference only 
3. Lead cluster shall be centered withint0.10 of outline dimensions. Lead 


Rise/Fall Time 130 nsec typical spacing dimensions apply only at seating plane. 
Output Noise 10mV p-p differential max 4. Pin material meets solderability requirements of MIL-STD-202E, Method 208C 
Variable Vcc 0 to +15V DC MECHANICAL OUTLINE 

TRANSFORMER (P/N BUS-25679) 

GENERAL ps. | sToBY | 25% | 100% 
Power Supply Requirements V A A a TERMINAL 
m IDENTIFICATION 
275 MAX THIS SIDE 


(7.0) 


.250 MIN 
(6.3) 


Operating Temperature Range | —55°C to +125°C (case temp.) 
Storage Temperature Range —55°C to +135°C 
Size (24pin DDIP hybrid) 1.4 x 0.8 x 0.2 inch (36 x 20 x 5mm) 


Weight 0.4 oz typ (11g) .63 
NOTES: (1) Will operate with +12V P.S. .200 +.005 MAX 


(5.1 +0.1) .500 +.005 
, | (13 +0.1) 


SIDE VIEW 


BUS-8559 PIN CONNECTION TABLE 


| PIN | __ FUNCTION 


TX Data Out 
TX Data Out 


(0.5 +0.1) 


Cc. BOTTOM VIEW 
N.C. NOTES: 
Variable Vcc 1. All dimensions are in inches(millimeters) 


RX Data Out 2. Pin callouts on bottom view are for reference only 
Strobe 


GND __ 
RX Data Out 


OODNOMI LAWN — 


ORDERING INFORMATION 


BUS — 8559 — B 
~L_ Reliability Grade: 


B = Screenedto MIL-STD-883 
ee In but without OCI testing. 


GND Blank = Standard DDC procedures. 


—15VDC 
+5VDC 
TX Inhibit 
TX Data In 


TX Data In 
G - ABR N.C. 


TRANSFORMER: BUS-25679 


NOTE: The transceiver and transformer must be ordered as 
separate parts. 
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HLP-6000 SERIES 


HERMETICALLY SEALED - LOW PROFILE 
0.175 MAX HEIGHT 
MIL-STD-1553 TRANSFORMERS 


DESCRIPTION AND APPLICATIONS 


The military data bus specification, MIL-STD-1553, has brought about the 
need for versatile pulse transformers that meet all the electrical requirements 
of Manchester II serial bi-phase data transmission. The HLP-6000 series of 
transformers provide the tums ratio configurations, component isolation, and 
common mode rejection ratio characteristics necessary for MIL-STD-1553A 
and B compliance. 


The step up and down ratios that are available with the HLP-6000 series 
complement DDC’s entre MIL-STD-1553 product line and are compatible 
with competitor’s drivers, receivers, and transceivers. These transformers are 
low profile, modular units that are multi-tapped to accommodate existing 
system configurations. Both leads and the hermetically sealed case are made 
of gold plated Kovar, to assure corrosion resistant surfaces. The units are built 
in accordance with MIL-T-21038, their leads conveniently accommodate 
printed circuit board mounting. Sinusoidal or trapezoidal waveforms are 
accurately processed, making the HLP-6000 series of transformers an excellent 
choice for any MIL-STD-1553A or B application. 


FEATURES 


Flat Pack 

Surface Mount 

For Use With MIL-STD-1553A 
and B, MacAir A-38 18, 
A-5690, A-5232, and A-4905 
Ultra - Low Profile 


-55°C to +130°C Operating 
Temperature Range 


Built and Tested to MIL-T-21038, 
MIL-STD-202, and MIL-STD-2000 


Designed to meet ESDS Test, 


MIL-STD-883, Method 3015.3, 
Category B. 


OVERSHOOT AND 
RINGING + 1V MAX 


= = 


E,. = 10Vrmsat 1 MHz = 


Calc: CMR = 20 log En (see note) 


OUT 


FIGURE 2. CIRCUIT FOR COMMON MODE REJECTION 


3609 1.N 


Cour 
(SEE NOTE) 


Eww 
(SEE NOTE) 


E, x 100% 
% DROP = =° 
a 


t, = 150ns max. 


E\, = 250 kHz square wave, 27.0 volts peak-to-peak with 
arise and fall time no greater than 100 ns. 


FIGURE 1. WAVEFORM INTEGRITY 


Calc: Droop = = x 100%. (See figure 1 for E,) 
T 


OU 


FIGURE 3. CIRCUIT FOR WAVEFORM INTEGRITY 


Note: Input to be applied and output to be measured for all dash numbers as shown. N represents highest turn winding in each test. 
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CORPORATION 


4 
0.630 22 || ¢ 
}~+—— re 0.250 + 0.030 5 
r 2 6 
; o—=———— _Ooi6 TYP 7 
cn + 0.003 3 8 
0.630 CIRCUIT DIAGRAM FOR HLP-6000, 
MAX 6001, 6002, 6003, $004, AND 6006 
0.200 0.100 TYP 
+ 4 PLACES 1 Hie 5 
4 
2 06 
0.010 TYP + 0.002 ee : 
8 PLACES ; : 
NICKEL PLATED 
oe 0.175 CIRCUIT DIAGRAM FOR 
MAX DASH NUMBER HLP-6005 


NOTES: 
(1) DIMENSIONS ARE IN INCHES 
(2) UNLESS OTHERWISE SPECIFIED, TOLERANACE IS +0.010 INCHES 


0.004 MIN | 


0.008 MAX 0.070 + 0.007 


0.070 + 0.015 -o| be 


HLP-6001 1:0.83 +3% 4-8 
1:0.60 +3% 3 5-7 
HLP-6002 1.4:1 +3% 1-3 4-8 
2:1 +3% 1-3 5-7 
HLP-6003 1:1 +38% 1-3 4-8 
1:0.707 +3% 1-3 5-7 
HLP-6004 1.25:1 +3% 3 4-8 
1.66:1 +3% 3-7 

2.3:1 +3% 

3.2:1 +3% 


2.12:1 +3% 
1.5:1 +3% 


—~ | 
—_ 
1 
a8 


wn | 
on 
85/8 


las 
ise 
|S 


Le) 
On On a 


3 


CIRCUIT DIAGRAM FOR HLP-6007, 
6008, 6009, 6010, 6011, AND 6013 


0.100 TYP 
4 PLACES 
1 ies 
0.015 TYP 4 
+ 0.003 2 6 
8 
7 


MIN 3 
| sane CIRCUIT DIAGRAM FOR 
ye DASH NUMBER HLP-6012 


NOTES: 
0.010 TYP + 0.002 
8 PLACES 0.070 +0.007 (1) DIMENSIONS ARE IN INCHES 
NICKEL PLATED KOVAR (2) UNLESS OTHERWISE SPECIFIED, TOLERANCE !S +0.010 INCHES 


TABLE 2. ELECTRICAL CHARACTERISTICS — CONFIGURATION B . 
DC RESISTANCEQ(max IMPEDANCE Q (min 


2:5 +3% 1-3 3.5 (1-3) 
4:7 +3% 4-8 3.0 3000 
10.83 +3% 1-3 3.0 
10.60 +3% 4-8 3.0 
2:1 +3% 


HLP-6010 1:1 +3% 
1:0.707 +3% 


HLP-6012 23:1 +3% 4-8 

3.2:1 +3% 5-7 

HLP-6013 2.12:1 +3% 
| 15:1 +3% 5-7 
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LPB-5000 SERIES 


ULTRA - LOW PROFILE 
0.150 MAX HEIGHT 
MIL-STD-1553 TRANSFORMERS 


FEATURES 
DESCRIPTION AND APPLICATIONS ® FLAT PACK 
The military data bus specification, MIL-STD-1553, has brought about the m 
need for versatile pulse Se meet all the stigg le fs nate SURFACE MOUNT 
f Manchester II serial bi-phase transmission. LP. 
onstotties provide he mms ratio configurations, component Schon and © FOR USE WITH MIL-STD-1553A 
common mode rejection ratio characteristics necessary for MIL-STD-1553A AND B, MACAIR A-3818, 
and B compliance. A-5690, A-5232, AND A-4905 
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FIGURE 2. CIRCUIT FOR COMMON MODE REJECTION 
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t, = 150ns max. 
E,, = 250 kHz square wave, 27.0 volts peak-to-peak with 
FIGURE 1. WAVEFORM INTEGRITY a rise and fall time no greater than 100 ns. 


Calc: Droop = = x 100%. (See figure 1 for E,,) 


FIGURE 3. CIRCUIT FOR WAVEFORM INTEGRITY 


Note: Input to be applied and output to be measured for all dash numbers as shown. N represents highest turn winding in each test. 
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10.60 +3% 4-8 3.0 3,000 
LPB-5002 1.4:1 +3% 
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LPB-5004 1.25:1 +3% 
1.66:1 +38% 


LPB-5005 2.3:1 +38% 
3.2: +3% 


18: +3% 


<< 
Re 


0.625 1 Dic 4 
j~—— MAX 5 
2 6 

7 

3 8 
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SECTION K 
POWER HYBRIDS 


PRODUCT SUMMARY TABLE 
ale eee ee 


3.0 x 2.1 x 0.390" SMART POWER 3-PHASE MOTOR DRIVE WITH FLYBACK DIODES AND INTERNAL GATE 
DRIVE CIRCUITRY. 30A current capability at 200V Vcc. Each input is driven oe a 
ground referenced signal with no bias voltage required. Thermal resistance of <0.85 


3.0 x 2.1 x 0.390" SMART POWER 3-PHASE MOTOR DRIVE WITH FLYBACK DIODES AND INTERNAL GATE 
DRIVE CIRCUITRY. 30A current capability at 500V Vcc. Each input is driven hae Nl a 


ground referenced signal with no bias voltage required. Thermal resistance of <0.85 


2.2 x 2.1 x 0.390" SMART POWER MOTOR DRIVE H-BRIDGE WITH FLYBACK DIODES AND INTERNAL GATE 
DRIVE CIRCUITRY. 30A current capability at 200V Vcc. Each input is driven er a 
ground referenced signal with no bias voltage required. Thermal resistance of <0.85 


2.2 x 2.1 x 0.390" SMART POWER MOTOR DRIVE H-BRIDGE WITH FLYBACK DIODES AND INTERNAL GATE 
DRIVE CIRCUITRY. 30A current capability at 500V Vcc. Each input is driven directly from a 
ground referenced signal with no bias voltage required. Thermal resistance of <0.85 C/W. 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
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BACKGROUND INFORMATION 


INTRODUCTION 


The trend of continuous efforts to achieve a higher degree of integration while maintaining overall 
reliability of military and aerospace systems resulted in higher power and current densities at chip 
levels. Hybridization became a major factor in the acceleration of this trend. Designers of hybrid 
circuits are faced with increasing demands to create unique custom high power hybrid functions 
which canot be achieved using any other packaging approach. High current and power densities 
require special consideration related to die size, total chip power, maximum junction temperature, 
as well as methods of mounting, material thermal characteristics, and type of external cooling. 
This paper concentrates on avariety of designs and manufacturing techniques and materials used 


in high reliability power hybrids. 


weight in military and aerospace systems have increased 

demands to achieve a higher degree of integration while 
maintaining overall reliability and performance. Develop- 
ment of complex monolithic integrated circuits, while in- 
creasing component density, did not solve this problem, 
since simultaneously systems became more sophisticated. 
Today’s high performance military equipment is literally 
packed with electronic systems that must be designed to 
provide the most efficient volume utilization. As such, these 
systems require new packaging techniques aimed at higher 
density of circuit elements and high power dissipation. Hy- 
bridization has become a major factor in acceleration of this 
trend. 

As the electronic technology matures, the system com- 
plexity grows to include programming of functions to the 
specific needs of a particular user. Increased operating 
speed, current, and power levels present new challenges to 
hybrid designers who are developing new materials, proc- 
esses and packaging techniques to cope with these factors. 


I N RECENT YEARS the increasing limitations on space and 


This article will take a look at the current technology of 
custom power hybrid design and fabrication and the materi- 
als used in their construction. 

The unique requirements of custom power hybrids place 
special demands on selection of materials, processes, and 
packaging techniques. They must be constructed to be able 
to dissipate large amounts of heat, handle high input/out- 
put currents with minimal internal losses, be hermetically 
sealed, and mechanically sound. 


Design Philosophy 

Fundamentally, hybrid microcircuits result from com- 
bining various electronic components, materials, and 
manufacturing technologies and techniques into miniatur- 
ized electronic interconnections and packaging. Normally, 
chip and discrete components and complex monolithic inte- 
grated circuits are mounted and interconnected on a sub- 
strate and enclosed in a hybrid package. The successful de- 
velopment and application of a hybrid circuit starts at early 


Reprinted with permission from Solid State Technology, Volume 28, No. 10, Copyright Technical Publishing, a Company of the Dun & Bradstreet Corp.,October 1985. 
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stages of system design and requires interactions of repre- 
sentatives of several technical disciplines on various man- 
agement levels. The effects of hybrid packaging upon sub- 
system performance, size, weight, and reliability must be 
determined by the systems engineer, while program man- 
agement must be aware of the impact upon costs, schedules, 
and overall program goals when selecting hybrid packaging 
as an alternative to a discrete assembly. The circuit de- 
signers must be able to isolate groups of electronic functions 
within the subsystem to ensure effective performance and 
efficient packaging. Concurrer ly hybrid engineers and 
technologists will select the optimum combination of com- 
ponents, materials, and processing techniques to provide a 
reliable efficient and cost effective product. 

Despite the enormous diversity in requirements for cus- 
tom power hybrids and their applications, Consistency must 
be maintained relative to the design, manufacture, and test 
of final products. 


The first step in hybrid design is partitioning—the act of 
dividing an electronic subsystem into clearly defined sub- 
functions with minimal interconnection interface. For ex- 
ample, if the system is a radar set, the complete function is 
first partitioned into such sub-units as transmitters, 
receivers, power supply, data processor, etc. Further parti- 
tioning divides each subunit into modules—each in turn 
identified as a series of complete functions such as power 
switches, rf oscillators, voltage regulators, logic circuits, dc 
converters, etc., as shown in Fig. 1. 


Final partitioning into hybrid circuits must take into con- 
sideration the unique advantages and limitations of hybrid 
technology. 


Once the hybrid has been identified, the following steps 
must be accomplished: 


1. Schematic review by hybrid designer. 

2. Determination of worst case power dissipation of all 
components. 

3. For capacitors, specify value, tolerance, dissipation fac- 
tor, working voltage, and operating frequency. 

4. For resistors specify value, tolerance, power dissipation, 
maximum voltage drop, TCR, VCR, noise and tracking 
requirements, active trim. 

5. For active devices specify type, power dissipation, and 
maximum junction temperature. 

6. For interconnections (wires and conductors) specify low 
stray capacitance lines, high voltage and high current 
paths. 

7. For hybrid packages specify maximum allowable size, 
style, and material. 

8. For complete hybrid circuit specify maximum operating 
case temperature. 

9. Specify derating conditions. 


These nine steps will enable the designer to select the hybrid 
package, substrate materials, internal construction, and 


processing technology. As a result, a typical custom power 
hybrid might consist of several parts as shown in Fig. 2. Low 
power circuitry is assembled on an alumina substrate (A1,O;) 
using conventional techniques and materials and attached to 
the case with non-conductive epoxy. High power dissipating 
elements are eutectically attached and wire bonded using 
heavy aluminum wire to beryllia (BeO) substrates which are 
soldered or brazed to a high thermal con- ductivity bottom 
case with large (=>0.040”) diameter I/O pins. 


Chip Components 
The design and operation of hybrid microcircuits depend 
largely upon the selection and characteristics of the added 
chip components—both passive and active. 


| Module 1 4 ybria (1) 
Transmitter (ame Hybrid (2) 
Module 2 Hybrid (3) 


Hybrid (4) 


Module 3 3 Hybrid (5) 


Module 4 


; eae 
Power Supply Hy brid (N-1) 
Hybrid (N) 


Fig. 1—System partitioning. 


Fig. 2—FET converter/rectifier hybrid. Two power stages on BeO 
substrates and control circuit on alumina assembled in copper case. 
Power dissipation 85 W. 
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Most of the electronics components used in discrete 
printed circuit board (PCB) assemblies are also available for 
use in hybrid microcircuits. However, components such as 
transformers, switches, and large electrolytic capacitors are 
normally not included in hybrids because of size limitations. 

The passive devices used in custom power hybrids include 
resistors, capacitors, and inductors. 


Resistors, either thin-film or thick-film are used in chip 
form whenever application requirements do not exceed 
their maximum ratings such as: Power <= 250 mW;; Current 
<0.4 A; Voltage < 150 V. 

In more demanding applications in power hybrids the re- 
sistors are formed directly on an alumina or beryllia sub- 
strate or are used as chips mounted on heat spreaders. 
Thick-film resistor inks have sheet resistivity values varying 
from 0.2 ohm per square to 10 megohms per square and can 
be trimmed to tolerances of +0.1%. Very low value power 
resistors can be manufactured exhibiting hot and cold TCRs 
below 500 ppm/ °C and used in sensing applications where 
high currents (up to 15 A) and power dissipations (up to 15 
W) require good load stability. In high voltage power ap- 
plications a series of resistive inks are available and are 
described in Table I. 


Table | — Resistive Inks 


Sheet Working 
Resistivity TCR VCR Voltage 


Manufacturer Range [ohm/sq] ppm/°?C ppm/V/mm_ V/mm 


100K-5 meg <500 <150 400 
10-10 meg <300 <200 200 
100K-1 meg <100 <50 270 


Capacitors used in power hybrids are available in a large 
variety of types, values, and sizes. Table II summarizes the 
most popular types and their major characteristics. 


Table Il — Capacitor Characteristics 


Solid 
Electrolyte 
Characteristic NPO BX/X7R Tantalum 


Capacitance 1.0pF-0.033uF  100pF-1uF 0.1uF-100 uF 


Range 


Voltage 50V - 500V 
Rating Range 


Size Range 0.05x0.04 to 0.05x0.04 to 0.050x0.100 to 
Inches 0.22 x0.25 0.22 x0.25 0.150 x0.285 


SOV - 500V 4V - 50V 


Inductors used in hybrids are in reality miniaturized coils, 
wound on a ferrite bobbin and molded. They are mounted 
on aceramic tab with wrap-around terminals and can be 
assembled in a hybrid using epoxy, solder, or wire bonds. 
The current rating of inductors is a function of operating 
temperature and is determined by the properties of the wire 
and core material. Typical electrical characteristics of chip 
inductors are shown in Table III. 


Table Ill — Electrical Characteristics of Chip Inductors 


Characteristic 


Range of Values 


Inductance 0.01 uH - 1000uH 
Tolerance 10% 

Q Factor 25 - 60 (min) 
Current 

Rating 100mA to 1.3A 


Size 0.100 x0.100” to 
0.500 x0.500” 


Height 0.100” to 0.400” 


Active devices used in hybrid circuits essentially cover the 
whole spectrum of devices manufactured by the semicon- 
ductor industry such as diodes, transistors, linear and 
digital integrated circuits, and complex monolithic circuits. 

In this article only the devices that are more frequently us- 
ed in power stages of custom power hybrids are discussed. 
Table IV is a short summary and description of such chip 
components. 

Power die are available to hybrid manufacturers with a va- 
riety of top and backside metallizations as shown in Table V. 

The actual metallization type is determined at the time of 
hybrid design and strongly depends on materials used and 
their configuration. For example, if a large (0.25” square) 
chip must be mounted on a copper heat spreader, only soft 
solder (Pb-Sn or Pb-In-Ag) may be used for such assembly 
due to large thermal expansion mismatch of silicon and cop- 
per. The use of soft solder in turn limits the backside metal- 
lization to Cr/Ni/Ag, Ti/Ni/Ag, or Cr/Ni/Au types. 


Table IV — Power Devices Characteristics 


Power 
Chip Size Dissipation Continuous 
Device Type Range [inch] Range [W] Current [A] 
Power Rectifier 0.045x0.045 to 100 70 
0.400 x0.400 


Power Transis- 0.050x0.050 to 150 50 
tor Bipolar 0.500 dia 

Power Transis- 0.045x0.045 to 150 40 
tor MOSFET 0.250 x0.250 

Transient 0.050 dia to 100 peak 
Suppressor 0.200 dia 
Diodes 
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When a large Schottky rectifier is used in a high current ap- 
plication, a tab must be soldered to the top contact, usually 
the anode, to allow bonding of a heavy wire and eliminate 
current crowding. Such construction requires that the top 
metallization also be Cr/Ni/Ag (or similar). 


Table V — Power Device Metallization 


Device Type Top Metal Back Metal Assembly Method 


Power Rectifier Cr/Ni/Au  Cr/Ni/Au_ Soft solder reflow 
Al Au Eutectic braze 
Cr/Ni/Ag_ Cr/Ni/Ag_ Soft solder reflow 

Eutectic braze 
Soft solder reflow 
Soft solder reflow 
Power Transis- Cr/Ni/Ag_ Soft solder reflow 
tor MOSFET 


Power Transis- 
tor Bipolar 


Materials 
Substrates 

Alumina ceramic substrates continue to be the most pop- 
ular material for thick films because their excellent mechan- 
ical and electrical properties are retained over a wide range 
of applications and environmental conditions. Alumina is 
an inevitable choice whenever a custom power hybrid is sub- 
divided into low and high power stages. Resistive, conduc- 
tive, and dielectric patterns are screened on the substrate 
surface to form the required low power circuit. 

Higher power densities and large amounts of heat that 
must be dissipated from semiconductor chips in power 
stages demand a material with thermal conductivity con- 
siderably higher than that of alumina, namely beryllia 
ceramic. This material is manufactured from beryllium ox- 
ide with minor additions (normally less than 0.5%) to pro- 
mote sintering and to improve flexural strength. Beryllia 
ceramic requires special handling procedures because its 
dust, fumes, and dissolved by-products are highly toxic. For 
this reason cutting, grinding, machining, or abrasive 
resistor trimming is prohibited unless performed in specially 
equipped areas. Also,beryllia has a much weaker bond for- 
mation with thick film materials than alumina. 

A molybdenum-manganese (Mo-Mn) metallization is us- 
ed on BeO substrates when an improved adhesion is re- 
quired (e.g., ceramic to metal sealing). The process is as 
follows: a coating of Mo-Mn is applied to the surface of 
beryllia ceramic. Next, the ceramic substrate is sintered in a 
hydrogen atmosphere. During the firing process, the Mo- 
Mn layer is diffused into BeO to become an integral part of 
the substrate. Then the metallization is plated with nickel 
and gold. To achieve good bonding strength, the following 
plating thickness parameters should be maintained: Mo- 
Mn: 1000-1500 micro-inches; Nickel: 150-200 micro- 
inches; Gold: 50 micro-inches min. 


Thick Film Inks 

Conductive and resistive inks consist of finely divided 
glass frit, metal oxide, metal powders, and organic vehicles 
and solvents. Dielectric inks are similar except they do not 
contain metallic materials. A large variety of thick film 
materials for use on alumina exists today and can be obtain- 
ed from different vendors. Interest in beryllia applications 
in recent years has motivated thick film ink manufacturers 
to create a number of precious and non-precious material 
based systems for use on BeO substrates. Though poorer 
than Mo-Mn metallization in adhesion strength, some of 
them display satisfactory performance and are used in a 
variety of applications. Typical conductive materials are 
described in Table VI. 


Table VI — Conductive Thick Film Inks 


Resistivity 
Manufacturer Composition milliohm/sq 


A Copper 1.8-2.2 


Application 


Soft solder reflow 
Al wire bonding 


Gold Al wire bonding 


Platinum-Silver Soft solder reflow 
Platinum-Gold High temp braze 
Gold Al wire bonding 
Gold Au wire bonding 
Copper : Soft solder reflow 
Al wire ‘bonding 


Platinum-Silver Soft solder reflow 
Gold Au and Al wire 
bonding 


Platinum-Gold High temp braze 


Wires 

Normally gold and aluminum wires are used in hybrids 
for electrical interconnections at substrate level and to the 
package pins. They are available in different sizes. 0.0007 ” 
to 0.002” diameter for gold and 0.001” to 0.25” diameter 
for aluminum. Final selection of wire material, diameter, 
and shape depends on current carrying requirements, 
metallizations compatibility, and type of equipment used 
for bonding. A trade-off decision must be made at the time 
of hybrid design on a conductor/wire system. High currents 
are easily handled by large diameter aluminum wire, but it 
requires conductors with a hard surface which have high 
electrical resistivity that might influence the circuit perform- 
ance. Special applications might require gold ribbon (up to 
0.003” x 0.010”) or plated copper wire for high current 
handling with very low losses. 


Heat Spreaders 

In certain applications, when power dissipation of active 
components is moderate, the use of a heat spreader placed 
between the semiconductor chip and the substrate can be 
sufficient to eliminate the necessity of an expensive beryllia 
substrate and/or costly header. Heat spreaders are made 
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from BeO, molybdenum, or copper and provide the de- 
signer with a choice of various thermal conductivities. BeO 
spreaders are used when high thermal conductivity and elec- 
trical isolation are required. Molybdenum tabs are used 
when close thermal expansion matching is desirable and 
allows hard brazing of the chip. Copper is used alone or in 
conjunction with molybdenum and provides the most effi- 
cient heat transfer. 


Solder 

Solder is a fusible alloy composition that will go into solu- 
tion or ‘‘wet’’ two metal surfaces to create a metallurgical 
joint, when heated above its melting point. Various forms 
of solder have been used by the electronics industry long 
before development of hybrid technology. Unfortunately, 
no standards have been developed for solder used in hybrid 
microelectronics and each power hybrid manufacturer uses 
in-house developed guidelines. Since replacement of defec- 
tive devices in power hybrids is considered essential, several 
types of solder may be employed in one package. Beryllia 
substrates can be soldered to the package bottom with a 
lower melting temperature solder than the power dissipating 
components. That allows the substrates to be removed and 
reworked if a failure occurs. The alternative approach is to 
use a lower melting temperature solder for component 
assembly so that a defective chip can be removed by localiz- 
ed reflow. For use in power hybrids the solder system 1s 
selected on the basis of melting temperature, mechanical 
strength, and compatibility with soldered. materials. Fre- 
quently used solders and their characteristics are shown in 
Table VII. 

Packages 

Power hybrid packages must provide an efficient thermal 

transfer from heat generating components to the cooling 


media. They are required to have high heat capacity, low 
weight, be compatible with substrate materials, and be 
capable of handling high currents with low voltage drops 
across the leads. Obviously it is very difficult to meet all 
these requirements simultaneously, and therefore a power 
package often is tailored to a specific design. An over- 
whelming majority of power packages have a flatpack con- 
figuration and vary in material selection, size, shape, 
plating, etc. Plug-in construction is very inefficient in heat 
transfer and is basically limited to Kovar as bottom 
material. Figure 3 shows typical power packages used in 
hybrid manufacturing. Three main types are: 


1. Solid copper machined packages with soldered-in ter- 
minals. Heavy gauge solid Kovar or copper cored leads 
are glass sealed in a low expansion metal tube or brazed 
to a ceramic sealing ring and later are brazed into the 
package walls using low temperature braze to avoid an- 
nealing of the copper. A sealing ring is brazed to the top 
of the package to allow parallel seam- welding of the 
cover. 

2. Kovar ring frame with matched glass-to-metal sealed 
leads brazed to a molybdenum bottom using gold-germa- 
nium (356°C) brazing alloy. Solid Kovar or copper cored 
leads can be used to handle high currents. 


3. Same as 2 with exception that a metallized beryllia 
substrate is used in place of a molybdenum bottom. 


Gold is selected for plating due to good wetting by most 
solder or braze materials. Other materials such as zir- 
conium-copper or tungsten-copper may be used in power 
package construction but have not yet gained recognition. It 
can be noted that the braze material used in two piece con- 
figuration does not exceed 356 °C, which limits the choice of 
solder materials used in hybrid construction. 


Table Vil — Solder Charateristics 


Alloy Melting Point 
Composition [°C] Application 
62% Tin, 36% Lead, 2% Silver 177-189 Silver backed die reflow on silver bearing 
conductors 
50% Indium, 50% Lead 180-209 Silver or gold backed die reflow. Good 
fatigue resistance 
63% Tin, 37% Lead 183 (eut) Soft solder against silver metallizations 
95% Tin, 5% Lead 183-222 High strength solder 
55% Indium, 45% Lead 215 (eut) Same as 50-50 composition 
96.5% Tin, 3.5% Silver 221 (eut) Substrate mount in package. Silver backed 
die flow 
92.5% Lead, 5% Tin, 2.5% Silver 280 (eut) Same 
80% Gold, 20% Tin 280 (eut) Hard braze of gold metallizations 
92.5% Lead, 5% Indium, 307 (eut) Very good fatigue resistance, not for use at 
2.5% Silver elevated temperatures 
88% Gold, 12% Germanium 356 (eut) Hybrid case assembly. Eutectic braze of 
silicon die 
98% Gold, 2% Silver 370-940 Eutectic braze silicon die 
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Fig. 3—Tyvpical power packages. (a) Solid machined copper; (b) 
Molybdenum bottom with Kovar ring frame; (c) BeO bottom with 
Kovar ring frame. 


Thermal Management 

Continuing effort to create more sophisticated and 
reliable systems puts an emphasis on increasing hybrid 
power densities and improving their thermal characteristics. 
The useful lifetime of a semiconductor device Is related to its 
junction temperature. The variation of failure rate with 
temperature is an exponential function. For example, a 
change of junction temperature from 100°C to 125°C will 
increase the failure rate by a factor of more than 5S. Also, the 
maximum allowable power dissipation in a solid state device 
is limited by its junction temperature. This mandates two 
major objectives of thermal management. 

First, thermal circuit analysis and thermal fatigue con- 
siderations. Initial thermal analysis should identify hot 
components that have to be thermally partitioned and pro- 
vide their expected junction temperatures. Figure 4 shows 
(a) thermal conductivity and (b) thermal expansion as a 
function of temperature for various materials used in power 
hybrids. Note a sharp decline in thermal conductivity 
(almost 3-4 times) for beryllia ceramic in the —55°C to 
125°C range. When performing thermal analysis, a 
designer must take such dependence into careful considera- 
tion. When a semiconductor device is subjected to a range 
of temperatures in the course of assembly, environmental 
testing, and normal operations, the different coefficients of 
expansion result in stresses On various parts of the device 
structure. When the stresses are severe enough and are 
repeated enough times, they can cause the semiconductor 
device to fail, usually by rupture of the solder joints. For ex- 
ample, large power transistors that operate at very high 
power levels as pass devices in linear series regulators 
operate in a mode of high thermal fatigue stress. The 
average junction temperature 7; of such transistors may be 
calculated as follows: 

i Po anno 
where 7. is the case temperature in °C, @,. is the junction to 
case thermal resistance in °C/W and P.,, is an average 
dissipated power. 

However, the power dissipated in a transistor is non- 
linear with respect to the surface and junction temperature, 
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Fig. 4—Thermal properties of typical materials used in power 
hybrid construction. (a) Thermal Conductivity vs. Temperature; 
(b) Thermal Expansion vs. Temperature. 


and can vary from point to point on the chip as shown in 
Fiz. 5. As a result of current-crowding, a localized thermal 
runaway may occur and result in permanent damage as 
shown in Fig. 6. Excessive voiding in the thermal interface 
will enhance such a process. 

The second objective is junction temperature monitoring 
and process control. The small size of hybrid components 
makes it impossible to measure the junction temperature us- 
ing conventional thermocouples and probes. 
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Fig. 6—Transistor thermal overstress. Damage shown tn circle. 


There are four basic methods of monitoring die attach- 
ment integrity, by either indirectly evaluating the quality of 
the thermal interface of junction to case (die shear, x-ray, 
thermal transient test) or direct temperature measurement 
on the chip surface (infrared scanning). 


Die Shear: A force is applied to the edge of mounted die for 
a purpose of either rupturing the joint or fracturing the die. 
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This method is destructive and can be used only ona sample 
basis. 

X-Ray Photography. A die-substrate-header assembly is 
positioned on top of photographic film and then exposed to 
a beam of x-rays. This method is expensive, involves subjec- 
tive interpretation of the picture, and cannot be used with 
dense and x-ray absorbent materials such as molybdenum 
and copper. 

Thermal Transient: A temperature sensitive parameter 
(TSP) is monitored before and after application of an elec- 
trical power pulse applied to the device under test. The dif- 
ference in TSP measurements is directly proportional to the 
junction temperature. Although non-destructive and ac- 
curate, this method requires access to a single chip, and is lot 
and vendor sensitive. 

Infrared Scanning: All materials, when heated, emit in- 
frared energy with intensity directly related to the tempera- 
ture. A lens collects and focuses infrared energy onto a 
detector. When processed, the information can be read out 
in °C on a display device. This method provides a non- 
destructive accurate temperature readout of an entire 
hybrid or a single chip. However, it is relatively slow for 
production environment, involves expensive equipment, 
and can be effectively used only after the hybrid is complete- 
ly assembled, which eliminates the possibility of die attach- 
ment process control. 


Power Hybrid Assembly 

The assembly of a power hybrid includes mounting of ac- 
tive and passive components onto ceramic substrates 
(alumina and beryllia), then assembly of substrates in a 
case, wirebonding and package sealing. 

Passive device (chip capacitors, resistors, and inductors) 
mounting utilizes either solder or conductive and non- 
conductive adhesives. The adhesive attachments exhibit 
good strength and are preferred when very low contact 
resistance is not required. 

Active devices are attached using materials and tech- 
niques required to meet thermal resistance limits. Typically 
low power components would be mounted with conductive 
adhesive. High power dissipating chips may be attached by 
using either of the following soldering methods: (a) Eutectic 
solder directly to the substrate metallization or a molytab 
with subsequent soldering of the tab to the substrate. If 
eutectic bonding directly to the substrate is used it must be 
performed before the substrate is assembled into the case. 
(b) Soft solder directly to the substrate metallization. This 
method is used mostly when die backside metallization is 
Ni/Ag and can be performed before or after substrate 
assembly in the case. 

Two main techniques are available for substrate at- 
tachment to case, adhesive and solder. Adhesive is a com- 
monly used material and represents a conventional means 
of substrate mounting. This method doesn’t require gold 
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plating of the package and the backside of the substrate is 
bare ceramic. Solder is used mostly in applications where 
low thermal resistance is mandatory. However, gold plating 
of packages and metallization of the backside of the 
substrate are required. The use of solder requires very 
careful process control to eliminate a possibility of voids. 
The metallization material has to be compatible with the 
solder system used for reflow so that no leaching of the con- 
ductor will take place resulting in void areas. 

The reflow techniques and equipment used in power hy- 
brid assembly are as follows: 


e Hot plates and heated surfaces. Used for small prototype 
quantities and must use flux if performed in open air. Re- 
quires scrubbing of die. 

e Ovens. Poor control and low quality of attachment. 

e¢ Vacuum bell jar with induction or infrared heating. Slow 
method, requires very tight process controls. 

e Vapor phase soldering. Used mostly for surface mounted 
device assembly. 

e Belt furnace. Employs nitrogen, forming gas, or pure hy- 
drogen to enhance wetting and prevent oxidation. Excel- 
lent quality reflow. Requires large quantities of hybrids to 
be cost effective. Certain devices and materials might be 
affected if reflow temperatures exceed 350°C. 


The interconnections within a hybrid circuit are made by 
thermosonic, thermocompression, or ultrasonic techniques. 
Most low power devices are bonded using thermosonic or 
thermocompression methods utilizing | or 2 mil gold wires. 
For very small bonding pads 0.7 mil gold wire can be used. 

For safe handling of high currents large diameter (up to 
25 mil) aluminum wires are ultrasonically bonded to hybrid 
pins, substrate pads, and power die terminals. During this 
process two pieces of metal are joined by a form of diffu- 
sion bonding. The metals are clamped together and vibrate 
at ultrasonic frequency. The mechanical vibration breaks 
the surface oxide film and exposes clean metallic surfaces. 
The plastic deformation prompted by the mechanical force 
causes a joint of two crystal lattices creating a strong, bond- 
ed monolithic structure at the bond line. A less popular 
alternative technique for high current handling is parallel- 
gap welding. 


Sealing of the hybrid is performed in a dry nitrogen at- 
mosphere. Packages are hermetically sealed by resistance 
weldings of the lid to the case. Resistance welding utilizes 
the resistance of the metal to the flow of electric current to 
heat the metal in a very small area and create a weld. 


Summary 

The increasing complexity of power hybrids over the last 
decade and a trend toward higher reliability at increased 
power density levels became an incentive for the accelerated 
development of new techniques, new equipment, and high 
performance inaterials. Although much has been done dur- 
ing this period, a better understanding of the relationship of 
modern technology and materials to the power hybrid 
mechanical and electrical performance is required. 

This article reviewed the latest trends in power hybrid 
design and manufacturing, discussed the importance of 
careful selection of materials, and analyzed the methods of 
thermal measurements and control. We also saw that 
overstressing of a semiconductor device may lead to its 
destruction and discussed methods to avoid it. Since ther- 
mal properties of metals and ceramics vary significantly 
with temperature, they should be considered in hybrid 
design and analysis. 

Finally, it should be noted that continuous improvement 
and development of materials, production techniques and 
equipment, standards and test methods are vital to success- 
ful growth of power hybrid technology. 
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DESCRIPTION 

| The PWR-82331 and PWR-82333 are 
30A 3-phase motor drive hybrids. The 
PWR-82331 has a 200V rating and uses 
MOSFETs in the output stage while the 
PWR-82333 has a SOOV rating and an 
IGBT output stage. Both types have in- 
dividual fast recovery diodes internally 
connected across the output drive tran- 
sistors to clamp inductive flyback. 

This new series of Smart Power 
Motor Drives has CMOS Schmitt Trig- 
ger inputs for high noise immunity. 
High- and low-side input logic signals 
are XOR’d in each phase to prevent 
simultaneous turn on of in-line transis- 
tors, thus eliminating a shoot thru condi- 
tion. The internal logic controls the 
high- and low-side gate drives for each 
phase and can operate from 5 to 15V 
logic levels. 

The internal power supply provides a 
constant voltage source to the floating 
high-side gate drives. This provides con- 
stant output performance for switching 
frequencies from dc to 50 kHz. 


PWR-82331 and PWR-82333 


APPLICATIONS 

Packaged in small cases, these hybrids 
are an excellent choice for high-perfor- 
mance, high-reliability motor drives for 
Military and Aerospace servo-amps and 
speed controls. Among the many applica- 
tions are robotics; electro-mechanical 
valve assemblies; actuator systems for 
flight control surfaces on military and 
commercial aircraft; antenna and radar 
positioning; fan and blower motors for 
environmental conditioning; thrust and 
vector position control of mini-subs, 
drones, and RPV’s; compressor motors 
for cryogenic coolers; and high-power 
inverters. The PWR-8233 1/333 hybrids 
are ideal for harsh military environ- 
ments where shock, vibration, and 
temperature extremes are evident, such 
as missile applications where fin ac- 
tuator systems control missile direction. 
The PWR-82331/333 operates over the 
-55°C to +125°C temperature range and 
is available with military processing. 
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SMART POWER 3-PHASE MOTOR DRIVES 


FEATURES 
Small Size (3.0" x 2.1" x 0.39") 
200V & 500V Capability 
30A Current Capability 


High-Efficiency MOSFET or IGBT 
Drive Stage 


Direct Drive from Commutation 
Logic 


6 step Trapezoidal or Sinusoidal 
Drive 


Four Quadrant Operation 
0.85°C/W 8 j-c Max 


Military Processing Available 


PWR-82331 
PWR-82333 


*~ Ae Voc 


O 
on Vss 


O 1 


NOTE: Pins 3, 7, and 11 are internally connected; Pins 19, 22, and 26 are internally connected. 


FIGURE 1. PWR-82331/333 BLOCK DIAGRAM 
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TABLE 1. ABSOLUTE MAXIMUM RATINGS 


To = +25°C unless otherwise specified 
PARAMETER SYMBOL PWR-82331 VALUE PWR-82333 VALUE UNITS 
SUPPLY VOLTAGE a ee 


Vex | Oorti‘“‘aiézL:C(‘(‘“#’”YRSNSN’SNCSCOSQONSC—C‘<‘S#‘USCSC 
BIAS VOLTAGE | lMCO~dC ss Os—“‘a‘lL lO CU 
LOGIC POWER-IN VOLTAGE VLP Plt Tt 
INPUT LOGIC VOLTAGE 


| CUNITS 
18 
Vipi+ 0. 
30 30 A 
PULSED - 50 50 A 
= 
°C 
Ee OI | 


CONTINUOUS 
OPERATING FREQUENCY ee es ee 
CASE OPERATING TEMPERATURE fT 55104125 | 55 to 125 
CASE STORAGE TEMPERATURE RANGE 


"6 


Tc = +25°C unless otherwise specified 


PWR-82331 PWR-82333 


OUTPUT 
Output Current Continuous (see figures 19 and 15) 
Supply Voltage see note 1 
Output On-Resistance (each FET)(see figure 14A) lo=30A 
Output Voltage Drop (each IGBT)(see figures 14B) VCE(SAT) | lo=30A 
Instant. Forward Voltage (flyback diode)(see figure 13) VF lp=30A (see note 2) 
Reverse Recovery Time (flyback diode) trr If=1A, Ilr=1A 
Reverse Leakage Current at Te=25°C see note 3 
see note 3 
BIAS SUPPLY 
Input Bias Voltage (Tc = -55 to +125°C) 
Quiescent Bias Current (see note 4)(see figure 16) Vb = 28V 
Bias Current (Tc = -55 to +125°C)(see figures 17 and 18) Vb = 28V,(see note 5) 
In-rush Current (Tc = -55 to +125°C) Vb = 28V 
Logic Power Input Current see note 6 
INPUT SIGNALS (see figure 7) Pin Connections 
Positive Trigger Threshold Voltage pin 15 & 16 connected 
Negative Trigger Threshold Voltage pin 15 & 16 connected 
Positive Trigger Threshold Voltage see note 6 
Negative Trigger Threshold Voltage see note 6 
SWITCHING CHARACTERISTICS Test 1 Conditions 
(see figure 2) pin 15 & 16 connected 
Upper Drive: +15V logic 
Tum-on propagation delay lo = 30A peak 
Tum-off propagation delay PWR-82331 Voc= 140V 
Shut-down propagation delay PWR-82333 Vcoc= 270V 
Tum-on Rise Time 
Tum-off Fall Time 
LowerDrive: 
Tum-on propagation delay 
Tum-off propagation delay 
Shut-down propagation delay (see figure 9) 
Tum-on Rise Time 
Tum-off Fall Time 
SWITCHING CHARACTERISTICS Test 2 Conditions 
(see figure 2) see note 6 
Upper Drive: +5V logic 
Tum-on propagation delay lo = 30A peak 
Tum-off propagation delay PWR-82331 Voc= 140V 
Shut-down propagation delay PWR-82333 Voc= 270V 
Tum-on Rise Time 
Tum-off Fall Time 
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TABLE 2. PWR-82331 and PWR-82333 SPECIFICATIONS 


SWITCHING CHARACTERISTICS (continued) 
LowerDrive: 
Turn-on propagation delay 
Turn-off propagation delay 
Shut-down propagation delay (see figure 9) 
Turn-on Rise Time 


see note 6 
+5V logic 
lo = 380A peak 
PWR-82331 Voc= 140V 
PWR-82333 Vcoc= 270V 
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C pwasossy | bwnezsss —[ 
| PARAMETERS =| SYMBOL | TESTCONDITIONS | MIN |TYP| MAX | MIN| TYP] MAX | UNIT | 


nsec 
ae ar Cs 


125 
ae ee 
[nS A AE ANSE K— 1 AOR SRR See Sa 


Maximum Thermal Resistance 
Maximum Lead Soldering Temp. 
Junction Temperature Range 
Case Operating Temperature 
Case Storage Temperature 


each transistor 
see note 7 


vr AEA 
140 140 


‘ “For Hi-Rel applications, derating per MIL-S-19500 should be observed. (Derate Vcc by 70%.) 
. Pulse width s 300 us, duty cycle < 2%. 
. For PWR-82231 Voc=140V, Vu, Vi= logic ‘0’ and for PWR-82233 Vcc=350V, Vu,VL= logic ‘0’. 
. Vu, Vi = logic ‘0’ on pins 17, 18, 20,21,24, and 25. 

. For PWR-82231 fo = 30kKHz and for PWR-82233 fo = 10KHz. 
. Pin 16 connected to external +5V supply. 

. Solder 1/8" from case for 5 seconds maximum. 


TECHNICAL INFORMATION 


Introduction 

The 3 phase PWR-82331 & PWR-82333 are 30A motor drive 
hybrids rated at 200V and SOOV respectively. The PWR82331 
uses a MOSFET output stage and the PWR-82333 has an IGBT 
Output stage for high-speed, high-current, and high-efficiency 
operation. The PWR-82333 also offers high-voltage perfor- 
mance of an IGBT for use in 270V systems. These motor drives 
are ideal for use in high-performance motion control systems, 
servo amplifiers, and motor speed control designs. Furthermore, 
Multi-axis systems requiring multiple drive stages can benefit 
from the small size of these power drives. 


INPUTS (PINS 17, 18, 
20, 21, 23, 24, AND 25) 


5G SS SS ee a ee ee ee 


OUTPUTS 
(PINS 2, 6, 9) 


Oe ere a ee eS SS 
BO = Pen a8 ae 
10%—-+-44+—-- ——-|-—— 


td (ON) 


(REFERENCE TABLE 1 ALSO.) 


FIGURE 2. INPUT/OUTPUT TIMING RELATIONSHIPS. 
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The PWR-82331/333 can be driven directly from the com- 
mutation logic, DSP, or acustom ASIC that supplies digital sig- 
nals to control the upper and lower transistors of each phase. 
These highly integrated drive stages have Schmitt trigger digital 
inputs that control the high and low side of each phase. Digital 
protection of each phase eliminates an in-line firing condition, 
by preventing simultaneous turn-on of both the upper and lower 
transistors. The logic controls the high- and low-side gate 
drivers. Operation from 5 to 15V logic levels can be pro- 
grammed by applying the appropriate voltage to pin 16 (VL»). 
The PWR-8233 1/333 has a ground referenced low-side gate 
drive. An internal dc-dc converter supplies a floating output to 
each of the 3 high-side drives. This provides a continious high- 
side gate drive even during a motor stall. Pin 15 (Vipo) supplies 
a 15V output, which can be used to power the internal logic 
when system useage requires 15V logic. The high- and low- 
side gate drivers control the N-channel MOSFET or IGBT out- 
put stage. The MOSFETs used in the PWR-82331 allow 
Output switching up to 5OkHz, while the high-speed IGBTs in 
the PWR-82333 can switch at 25kHz. A flyback diode parallels 
each output transistor and controls the regenerative energy 
produced by the motor. These fast recovery diodes have faster 
reverse switching times than the intrinsic body diode of the 
MOSFETs used in the PWR-82331. They also protect the 
IGBTs used in the PWR-82333 from exceeding their Emitter-to- 
Collector breakdown voltage. Use of a copper case and solder 
attachment of the output transistors achieves a low thermal resis- 
tance of 0.85°C/W maximum. Care should be taken to ade- 
quately heatsink these motor drives to maintain a case 
temperature of 125°C. Junction temperatures should not exceed 
150°C. The PWR-82331/333 do not have internal short-circuit 
or Overcurrent protection. For protection of the output transis- 
tors, these features must be added external to the hybrid. 
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CORPORATION 
Blas Voltages See figures 4 and 5 for bias resistor characteristics. 

The PWR-82331/333 motor drive hybrids require only a 
single power supply for operation. The hybrid generates three If additional power dissipation in Rp is a concem, figure 3c 
independent, floating supplies, which eliminates the need for ex- shows a more efficient design, using a low-power resistor (Rt) 
ternal bias voltages for each phase. and an additional transistor. To determine the proper resistor to 


use, refer to figure 6. 
In order for the internal power supply to generate these vol- 


tages, the input bias voltage (Vp) must be from 15 to 50 Vdc. In If there is another voltage available in the system in the 15 to 
most avionic systems this can be accomplished by connecting 50 Vdc range, then this voltage can be directly connected to the 
the V» pin to the MIL-STD-704D, 28 Volt bus. See figure 3a. V»p pin of the hybrid. 

If the system bus voltage is greater than 50 Vdc (and a lower In any case, a 0.01 uf decoupling capacitor (Cy) must be 
voltage is not available), then the Vp pin and V; pin can be tied connected between V>p (pin 12) and GND. 


together with an external power resistor (Rp) and connected 
from these pins to the system power bus. See figure 3b. 


+15 $< V < +50Vde V > +50Vde V > +50Vde 


NO RESISTOR REQUIRED 
OPEN 


PWR-82331 


PWR-82331/333 PWR-82331/333 


FIG.3A FIG.38 FIG.3C 


NOTE: Cb = 0.01uf, 100V, CERAMIC ; FOR PWR-82331, Qo = 200V, 6W TRANSISTOR ; FOR PWR-82333, Qo = SOOV, 12W TRANSISTOR 


FIGURE 3. CONNECTION TO BUS VOLTAGE TO DEVELOP PROPER INPUT BIAS VOLTAGE. 
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Figure 4a. PWR-82331 Figure 4b. PWR-82333 


FIGURE 4. BIAS RESISTOR VALUE VS. BUS VOLTAGE 
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Power Dissipated in Rb, P, (watts) 


40 60 80 100 120 140 160 180 200 
Bus Voltage, V., (volts) 


pot ty tt 


10 180 200 20 WW Wh oh OD 
Vec (volts) 
Figure 5a. PWR-82331 Figure 5b. PWR-82333 
FIGURE 5. POWER DISSIPATED IN BIAS RESISTOR (Rb) VS. BUS VOLTAGE 


iy = oy for PWR-8233] 
7 ke 1/2W for PWR-82333 
SaaS) Rae Mae 


‘ 1 150 20 2 Wh Wh Oo Oh OW 
V.. (volts) 


FIGURE 6. Rt RESISTOR VALUE VS. BUS VOLTAGE 


K-14 


D]o|c 


ILC DATA DEVICE 
CORPORATION 


Digitally Controlled Inputs 

The PWR-82331/333 uses Schmitt triggered digital inputs 
(with hysteresis) to ensure high-noise immunity. The trigger 
switches at different points for positive and negative going sig- 
nals. Hysteresis voltage (Vy) is the difference between the posi- 
tive going voltage (Vp) and the negative going voltage (Vn) (see 
figure 7). The digital inputs have programmable logic levels, 
which allows the hybrid to be used with different types of com- 
mutation logic with an input voltage range of 5-15V, such as 
TTL or CMOS logic. The PWR-82331/333 internal power 
supply generates a 15Vdc (Vipo) on pin 15. This output can 
only be used to power the internal digital circuitry within the 
hybrid. Do not use this 15V output to power any circuitry ex- 
ternal to the hybrid. Pin 16 is the logic power input (Vipr) for 


GND 


DIGITAL 
POSITION ND 
COMMAND POSITION PROTECTION 


Ca, LOOP AND CIRCUITRY 
COMMUTATION 


PWR-8233 1/333 


CRITICAL GROUND PATH 
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the digital circuitry inside the hybrid. A 0.01uF, 50V ceramic 
capacitor must be placed between this pin (16) and GND as 
close to the hybrid as possible. When using 15V control cir- 
Cuitry, the logic power input (pin 16) can be connected directly 
to the logic power output (pin 15) of the hybrid. There is no 
need for an additional external power supply. When using 5V 
control logic, an external 5Vdc supply must be connected be- 
tween pin 16 of the hybrid, and GND — leave Pin 15 open 
(N/C). The commutation/control circuitry can be as simple as 
discrete logic with PWM, or as sophisticated as a microproces- 
sor or custom ASIC, depending on the system requirements. 
The Block Diagram in figure 8 shows a typical interface of the 
PWR-82331/333 with a motor and commutation logic ina 
Servo-Amp System. 


Vn Vu, Vi, Vso —_f>—— Vo 


‘— Vu —+ 


Vu = Vp - Wn 
Vu, Vi, Vsa 


TANT 


HALL-EFFECT 
DEVICES 


To prevent damage to the intemal drive circuitry, the differential voltage between 
GND (pins 19,22,26) and Vssg (pins 1,5,8) must not exceed +3V max, de or peak. 


FIGURE 8. PWR-82331/333 TYPICAL INTERFACE WITH A MOTOR AND COMMUTATION LOGIC. 
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Shut-Down Input (Vsq) 

Pin 23(Vsa) provides a digital shut-down input, which allows 
the user to completely turn off both the upper- and lower-output 
transistors in all 3 phases. Application of a logic ‘1’ to the Vsa 
input will latch the Digital Control/Protection circuitry thereby 
turning off all output transistors. The Digital Control/Protection 
circuitry remains latched in the off state and will not respond to 
signals on the Vi or Vu inputs while the Vsq has a logic ‘1’ ap- 
plied. When the user or the sense circuitry (as in figure 10) 
retums the Vsq input to a logic ‘0’, and then the user sets the VL 
and Vu inputs to a logic ‘0’ the output of the Digital Con- 
trol/Protection circuitry will clear the internal latch. When the 
next rising edge (see figure 9) occurs on the Vi or Vu digital in- 
puts, the output transistors will respond to the corresponding 
digital input. This feature can be used with external current limit 
or temperature sense circuitry to disable the drive if a fault con- 
dition occurs(see figure 10). 
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Internal Protection Circultry 

The hybrid contains digital protection circuitry, which 
prevents in-line transistors from conducting simultaneously. 
This, in effect, would short circuit the power supply and would 
damage the output stage of the hybrid. The circuitry allows 
only proper input signal patterns to cause output conduction. 
Figure 9 and Table 3 show these timing relationships. If an im- 
proper input requested that the upper and lower transistors of the 
same phase conduct together, the output would be a high im- 
pedance until removal of the illegal code from the input of the 
PWR-82331/333. A dead time of 500nsec minimum should 
still be maintained between the signals at the Vu and V pins; 
this ensures the complete turn off of any transistor before tum- 
ing On its associated in-line transistor. 


FIGURE 9. SHUT-DOWN (Vsq) TIMING RELATIONSHIPS. 


COMMUTATION 
LOGIC 


CURRENT 


FIGURE 10. FUNCTIONAL SHUT-DOWN INPUT USED WITH CURRENT-SENSING CIRCUITRY. 
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PWR-82331 Power Dissipation (see figure 11) 

There are three major contributors to power dissipation in the 
motor driver: conduction losses, switching losses, and flyback 
diode losses. 


Voc = 140V(Bus Voltage) - 

Ioa = 20A (see figure 11) ; Ion = 30A; (See figure 11) 

ton = 20ps (see figure 11); T = 40ps (period) 

Ron = 0.1.Q (on-resistance see Table 2, Io = 30A, T; = 25°C) 
ts: = 250ns (see figure 11); t.2 = 250ns (see figure 11) 

f, = 25kHz(switching frequency) 

Vr is the diode forward voltage, Table 2, Ip = 30A,T, = 25°C 
Ve(avg) = 1.15V; Iris the diode forward current 


1. Conduction Losses (Pc) 
Pc = (I motor rms)* x Ron 


Tray? 
I motor rms = ( tos” lop (Ios — loa ) + {fos — Ton) a 


3 T 


(30 - 20) 
I motor rms = ( 30% 30 (30 - 20) + shea) \(i| 


3 40 


Pc = (17.80A)* x (0.1 Q) 
Pc = 31.68 Watts 


2. Switching Losses (Ps) 
Ps = [Vcc(Ioa(te1) + Lop(te2))fol/2 
Pgs = [140(20 (250ns) + 30(250ns))25k]/2 
Ps = 21.88 Watts 


3. Flyback diode loses (Par) 
Par = Ir (avg) x V¢ (avg) 
Ir (avg) = [lop + Ioa)/2]/2 = [(30 + 20)/2]/2 = 12.5A 
Pap = 12.5A x 1.15V 
Par = 14.38 Watts 


Transistor Power Dissipation (Pq) 

To calculate the maximum power dissipation of the output 
transistor as a function of the case temperature use the following 
equation. (Reference figure 20 to ensure you don’t exceed the 
maximum allowable power dissipation of each transistor.) 

Pg =Pc+ Ps 


Total Hybrid Power Dissipation (Protai) 
To calculate Total Power dissipated in the hybrid use: 
6 


PTotal = > [Poi + Pai ] where i = each transistor or diode. 


i=1 


Vcc 


(ie 
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PWR-82333 Power Dissipation (see figure 11) 

There are three major contributors to power dissipation in the 
motor driver: conduction losses, switching losses, and flyback 
diode losses. 


Vcc = 270V(Bus Voltage) 

Ioa = 20A (see figure 11) ; lop = 30A; (see figure 11) 

ton = SOps (see figure 11); T = 100ps (period) 

Vcg(saT) = 3.8 V (see Table 2, I, = 30A, T, = 25°C) 

ts1 = 300ns (see figure 11); t2 = 300ns (see figure 11) 

fo = 10kHz(switching frequency) 

Vr is the diode forward voltage, Table 2, Ip = 30A,T, = 25°C 
Vie(avg) = 1.70V; Ir is the diode forward current 


1, Conduction Losses (Pc) 
Pc = (I motor rms) x VcgsaT) 


Tra? 
I motor rms = (Jos*- lop (Ios — Ioa ) + eae walen \(#) 


2 
I motor rms = ‘V ( 30 30 (30 ~ 20 )+ GO- 20)" | 


3 100 


Pc = (17.80A) x (3.8V) 
Pc = 67.64 Watts 


2. Switching Losses (Ps) 
Ps = [Vec(Ioa(ts1) + Ion(ts2))fo]/2 
Ps = [270(20 (300ns) + 30(300ns))10k]/2 
Ps = 20.25 Watts 


3. Flyback diode loses (Par) 
Par = Ip (avg) x Ve (avg) 
I; (avg) = [lop + Ioa)/2)/2 = [(30 + 20)/2]/2 = 12.5A 
Pa = 12.5A x 1.70V 
Pap = 21.25 Watts 


Transistor Power Dissipation (PQ) 

To calculate the maximum power dissipation of the output 
transistor as a function of the case temperature use the following 
equation. (Reference figure 20 to ensure you don’t exceed the 
maximum allowable power dissipation of each transistor.) 

Pa =Pc+ Ps 


Total Hybrid Power Dissipation (P rota!) 
To calculate Total Power dissipated in the hybrid use: K. 
6 


Prot = ¥, [Pgit+ Pai ] where i = each transistor or diode. 


i=1 
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FIGURE 11. OUTPUT CHARACTERISTICS 
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PWR-82331 and PWR-82333 


GROUND CONNECTIONS 


Layout & External Components 


Important Information - The following layout guidelines and 
required external components are critical to the proper operation 
of these motor drives. 


External connections can be easily made to the hybrid by any 
of the following methods: 


e Solder a wire around each pin . 


¢ Use pin extenders to raise the height of each pin so a 
printed circuit board can be mounted on top of the hybrid . 


¢ Use a printed circuit board with a cutout that will enable 
the printed circuit board to slide over the pins. 


Permanent damage will result to the motor drive if the user 
does not make the following recommended ground connec- 
tions that will ensure the proper operation of the hybrid. 


The Vp and logic grounds are on pins 19, 22, and 26 (GND). 
The Vss connections for the output stage are on pins 1, 5, and 8 
(Vss). To prevent damage to the internal drive circuitry, the 
differential voltage between GND (pins 19,22,26) and Vss 
(pins 1,5,8) must not exceed +3V max, de or peak. This in- 
cludes the combined voltage drop of the associated ground paths 


and the voltage drop across Resense (See figure 12). For example, 
a value for Rsense Of 0.025Q will give a voltage drop of 1.25V at 
50A and allow enough margin for the voltage drop in the 
ground conductors. Locate Resense 1"-2" maximum from the 
hybrid. It is critical that all ground connections be as short, 
and of lowest impedance, as the system allows. 


C1, C2, and C3 are 1uF, 10V ceramic capacitors that provide 
a low ac impedance between each Vgs pin and GND. You must 
use 1 capacitor for each Vss pin-to-GND connection (total of 3 
Capacitors in all), these capacitors are independent of the type of 
drive scheme used (i.e., Trapezoidal or Sinusoidal drive). Since 
placement of these capacitors is critical, place these capacitors 
across the hybrid, if possible. Please note, on figure 12, that C1, 
C2, and C3 must go directly from terminal-to-terminal on the 
hybrid — do not daisy chain along the ground return. 


C4, CS, and C6 are the 0.1 tf ceramic bypass capacitors that 
suppress high frequency spiking. The voltage rating should be 
2x the maximum system voltage. These capacitors should be lo- 
cated as close to the hybrid as possible. 


Care must be taken to control the regenerative energy pro- 
duced by the motor in order to prevent excessive voltage spik- 
ing on the Vcc line. Accomplish this by placing a capacitor or 
clamping diode between Vcc and the high-power ground return. 


C1,C2,C3 = 1uf, 10V CERAMIC CAPACITORS 
C4,C5,C6 = 0.1uf, CERAMIC CAPACITORS 
C7 = 0.01uf, 100V CERAMIC CAPACITORS 
C8 = 0.01uf, 50V CERAMIC CAPACITORS 


PWR 
82331/333 


FIGURE 12. PWR-82331/333 GROUND CONNECTIONS 
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FIGURE 13A. PWR-82331 TYPICAL FORWARD FIGURE 13B. PWR-82333 TYPICAL FORWARD 
VOLTAGE DROP OF FLYBACK DIODES. VOLTAGE DROP OF FLYBACK DIODES. 


OUTPUT ON-RESISTANCE Ron (MILLIOHMS) 
OUTPUT VOLTAGE DROP (VOLTS) 
VCE(SAT) 
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FIGURE 14A. PWR-82331 TYPICAL ON RESISTANCE FIGURE 14B. PWR-82333 TYPICAL VcEsaT) VARIATION 
VARIATION WITH TEMPERATURE. WITH TEMPERATURE. 
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OUTPUT VOLTAGE DROP EACH FET Vron (VOLTS) 


OUTPUT VOLTAGE DROP EACH IGBT Vce;sart) (VOLTS) 


PWR-82331 and PWR-82333 


Eanes 
| ae 
4a 


10 20 30 40 50 60 
OUTPUT CURRENT PULSE lop (AMPS) 


FIGURE 15B. PWR-82333 TYPICAL OUTPUT 
ON VOLTAGE DROP VERSUS OUTPUT CURRENT. 


OUTPUT CURRENT PULSE lop (AMPS) 


FIGURE 15A. PWR-82331 TYPICAL OUTPUT 
ON VOLTAGE DROP VERSUS OUTPUT CURRENT. 


15 20 25 30 35 40 45 50 
Bias Voltage V, (volts) 
FIGURE 16. PWR-82331/333 TYPICAL QUIESCENT BIAS CURRENT VERSUS BIAS VOLTAGE 
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Bias Voltage V, (volts) 


FIGURE 17A. PWR-82331TYPICAL BIAS CURRENT 
VERSUS BIAS VOLTAGE at fo = 30kHz 


- ee ee 


90 


Bias Curent |, (milliamp) 


30 
Operating Frequency f, (kHz) 
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FIGURE 18A. PWR-82331 BIAS CURRENT VERSUS 
OPERATING FREQUENCY 


PWR-82331 and PWR-82333 


30 35 40 
Bias Voltage V, (volts) 


FIGURE 17B. PWR-82333 TYPICAL BIAS CURRENT 
VERSUS BIAS VOLTAGE at fo = 10kHz 
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FIGURE 18B. PWR-82333 BIAS CURRENT VERSUS 
OPERATING FREQUENCY 


K-21 


Be PWR-82331 and PWR-82333 


CORPORATION 


Output Current, |, Camps) 
Output Current, |, Camps) 


0 20 40 60 80 100 120 #140 
Case Temperature, T, CC) Case Temperature, T, (C) 
FIGURE 19A. PWR-82331 FIGURE 19B. PWR-82333 
MAXIMUM ALLOWABLE CONTINUOUS OUTPUT MAXIMUM ALLOWABLE CONTINUOUS OUTPUT 
CURRENT VERSUS CASE TEMPERATURE. CURRENT VERSUS CASE TEMPERATURE. 


2 888 


Max. Power Dissipation, P, (watts) 
(each output transistor 


8S 6 & & 8 


0 20 40 60 80 100 120 140 
Case Temperature, T, CC) 


FIGURE 20. PWR-82331/333 MAXIMUM ALLOWABLE POWER DISSIPA- 
TION OF EACH OUTPUT TRANSISTOR VERSUS CASE TEMPERATURE. 
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Mounting 

The package bolts to part of the chassis or even the motor as- 
sembly itself, depending on system requirements. In applica- 
tions where this isn’t convenient, the hybrid can be mounted to 
its own heatsink. The heat transfer in a hybrid is from semicon- 
ductor junction to the bottom of the hybrid case. The flatness 
and maximum temperature of this mounting surface are critical 
to proper performance and reliability, because this is the only 
method of dissipating the power created in the hybrid. Use a 
mounting surface flatness of 0.004 inches/inch maximum, This 
interface can be improved with the use of a thermal compound 
or pad. The heatsink should be designed to insure that the case 
temperature does not exceeded +125°C, 
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ORDERING INFORMATION 
PWR - 8233X - X X 0 
— Rellabliity Grade: 
0 = Standard DDC Procedures. 
1 = Military processing available. 
2 = Military processing available but 
without QCl testing 


Temperature Range: 
1 = -55 to 125°C 
3= Oto 70°C 


Rating: 
1 = 200V using MOSFETs 
3 = 500V using IGBTs 


PWR-82331 and PWR-82333 


|PIN | FUNCTION | PIN | FUNCTION | 
| 26 | 


NOTE: Pins 3, 7, and 11 are intemally connected; 
Pins 19, 22, and 26 are internally connected. 


Dimensions in inches (mm). 


2.100 
(53.34) 
0.120 1.860 
(3.05) (47.24) 
0.250 1.600 
(6.35) (40.64) 0.128 (3.25) 


+0.002 -0.005 
(4 HOLES) 


0.125 
(3.38) 


3.000 : “PIN # p 
(76.20) : : | 
2.750 |° >| 0.200 = 2.400 


(5.08) (60.96) 
(69.85) P| (TOL. NONCUM) 


0.300 
TOP VIEW (7.62) 
0.050 (1.27) 


0.140 0.215 ° ho +0.002 
(3.56) i: Ne DIA TYP 
FLATNESS 1S0.004 9115 


INCHESPERINCH (2:92) 
SIDE VIEW 


FIGURE 21. PWR-82331/333 MECHANICAL OUTLINE 
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DESCRIPTION 
The PWR-82340 and PWR-82342 are 
30A H-bridge motor drive hybrids. The 
PWR-82340 has a 200V rating and uses 
MOSFETs in the output stage while the 
PWR-82342 has a 500V rating and an 
IGBT output stage. Both types have in- 
dividual fast recovery diodes internally 
connected across the output drive tran- 
sistors to clamp inductive flyback. 

This new series of Smart Power 
Motor Drives has CMOS Schmitt Trig- 
ger inputs for high noise immunity. 
High- and low-side input logic signals 
are XOR’d in each phase to prevent 
simultaneous turn on of in-line transis- 
tors, thus eliminating a shoot thru condi- 
tion. The internal logic controls the 
high- and low-side gate drives for each 
phase and can operate from 5 to 15V 
logic levels. 

The internal power supply provides a 
constant voltage source to the floating 
high-side gate drives. This provides con- 
stant Output performance for switching 
frequencies from dc to 50 kHz. 


PWR-82340 and PWR-82342 


APPLICATIONS 

Packaged in small cases, these hybrids 
are an excellent choice for high-perfor- 
mance, high-reliability motor drives for 
military and aerospace servo-amps and 
speed controls. Among the many applica- 
tions are robotics; electro-mechanical 
valve assemblies; actuator systems for 
flight control surfaces on military and 
commercial aircraft; antenna and radar 
positioning; fan and blower motors for 
environmental conditioning; thrust and 
vector position control of mini-subs, 
drones, and RPV’s; compressor motors 
for cryogenic coolers; and high-power 
inverters. The PWR-82340/342 hybrids 
are ideal for harsh military environ- 
ments where shock, vibration, and 
temperature extremes are evident, such 
as missile applications where fin ac- 
tuator systems control missile direction. 
The PWR-82340/342 operates over the 
-55°C to +125°C temperature range and 
is available with military processing. 


SMART POWER H-BRIDGE MOTOR DRIVES 


FEATURES 
Small Size (2.25" x 2.1" x 0.39") 
200V & 500V Capability 
30A Current Capability 


High-Efficiency MOSFET or IGBT 
Drive Stage 


Direct Drive from PWM 


Drives Brushless DC or Brush 
Motors 


Four Quadrant Operation 
0.85°C/W 06 J-c Max 


Military Processing Available 


POWER SUPPLY/BIAS GENERATION 


Vb 
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Vz 
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PWR-82340 
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NOTE: Pins 3 and 6 are internally connected; Pins 7 and 18 are internally connected. 


FIGURE 1. PWR-82340/342 BLOCK DIAGRAM 
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TABLE 1. ABSOLUTE MAXIMUM RATINGS 
Tc = +25°C unless otherwise specified 


PARAMETER PWR-82342 VALUE 
SUPPLYVOLTAGE | ED OSC 
BIASVOLTAGE 

CONTINUOUS 30 30 A 
PULSED Op 50 50 A 
[OPERATINGFREQUENCY, | fy | 


CASE STORAGE TEMPERATURE RANGE 


Tc = +25°C unless otherwise specified 
PARAMETERS 
OUTPUT 
Output Current Continuous (see figures 19 and 15) 
Supply Voltage see note 1 
Output On-Resistance (each FET)(see figure 14A) lo=30A 
Output Voltage Drop (each IGBT)(see figures 14B) VCE(SAT) | lo=30A 
Instant. Forward Voltage (flyback diode)(see figure 13) VF lp=30A (see note 2) 
Reverse Recovery Time (flyback diode) If=1A, Ir=1A 
Reverse Leakage Current at Tc=25°C see note 3 
Reverse Leakage Current at Tc=125°C see note 3 
BIAS SUPPLY 
Input Bias Voltage (Tc = -55 to +1 25°C) 
Quiescent Bias Current (see note 4)(see figure 16) Vb = 28V 
Bias Current (Tc = -55 to +125°C)(see figures 17 and 18) Vp = 28V,(see note 5) 
In-rush Current (Tc = -55 to +125°C) : Vb = 28V 
Logic Power Input Current see note 6 
INPUT SIGNALS (see figure 7) Pin Connections 
Positive Trigger Threshold Voltage pin 11 & 12 connected 
Negative Trigger Threshold Voltage pin 11 & 12 connected 
Positive Trigger Threshold Voltage see note 6 
Negative Trigger Threshold Voltag see note 6 
SWITCHING CHARACTERISTICS Test 1 Conditions 
(see figure 2) pin 11 & 12 connected 
Upper Drive: +15V logic 
Tum-on propagation delay lo = 30A peak 
Tum-off propagation delay PWR-82340 Vcoc= 140V 
Shut-down propagation delay PWR-82342 Vcoc= 270V 
Tum-on Rise Time 
Tum-off Fall Time 
LowerDrive: 
Tum-on propagation delay 
Tum-off propagation delay 
Shut-down propagation delay (see figure 9) 
Tum-on Rise Time 
Tum-off Fall Time 
SWITCHING CHARACTERISTICS 
(see figure 2) see note 6 
Upper Drive: +5V logic 
Tum-on propagation delay lo = 380A peak 
Tum-off. propagation delay PWR-82340 Vcoc= 140V 
Shut-down propagation delay PWR-82342 Vcoc= 270V 
Tum-on Rise Time 
Tum-off Fall Time 
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TABLE 2. PWR-82340 and PWR-82342 SPECIFICATIONS 


PWR-82340 and PWR-82342 


(continued) 


Tc = +25°C unless otherwise specified 


PWR-82340 PwR-82342, | 


Pras eee: 
| PARAMETERS | SYMBOL | TESTCONDITIONS | MIN|TYP| MAX | MIN |TYP| MAX | UNIT | 


SWITCHING CHARACTERISTICS (continued) 
LowerDrive: 
Turn-on propagation delay 
Turn-off propagation delay 
Shut-down propagation delay (see figure 9) 
Turn-on Rise Time 
Turn-off Fall Time 


Test 2 Conditions 
see note 6 
+5V logic 
lo = 380A peak 
PWR-82340 Vcc= 140V 
PWR-82342 Vcc= 270V 


cc a a a 1 


THERMAL 
Maximum Thermal Resistance 
Maximum Lead Soldering Temp. 
Junction Temperature Range 
Case Operating Temperature 
Case Storage Temperature 


each transistor 


see note 7 


Cc 


1. For Hi-Rel applications, derating per MIL-S-19500 should be observed. (Derate Vcc by 70%.) 
. Pulse width s 300 ps, duty cycle < 2%. 
. For PWR-82340 Vcc=140V, Vu,VL= logic ‘0’ and for PWR-82342 Vcc=350V, Vu, VL= logic ‘0’. 
. Vu, Vi = logic ‘0’ on pins 13 to 17. 

. For PWR-82340 fo = 30kHz and for PWR-82342 fo = 10kKHz. 
. Pin 12 connected to external +5V supply. 
. Solder 1/8" from case for 5 seconds maximum. 


TECHNICAL INFORMATION 


Introduction 

The PWR-82340 & PWR-82342 are 30A motor drive hybrids 
rated at 200V and SOOV respectively. The PWR-82340 uses a 
MOSFET output stage and the PWR-82342 has an IGBT output 
stage for high-speed, high-current, and high-efficiency opera- 
tion. The PWR-82342 also offers high-voltage performance of 
an IGBT for use in 270V systems. These motor drives are ideal 
for use in high-performance motion control systems, servo 
amplifiers, and motor speed control designs. Furthermore, Mult- 
axis systems requiring multiple drive stages can benefit from the 
small size of these power drives. 


INPUTS (PINS 13-17) 


60% ----f-—-—--- OO 


OUTPUTS (PINS 2, 5) 


0% ra = oe eee 
50 = ee eS ee 
1 0% Se ee a 


(REFERENCE TABLE 2 ALSO.) 


FIGURE 2. INPUT/OUTPUT TIMING RELATIONSHIPS. 
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The PWR-82340/342 can be driven directly from a PWM, 
DSP, or acustom ASIC that supplies digital signals to control 
the upper and lower transistors of each phase. These highly in- 
tegrated drive stages have Schmitt trigger digital inputs that con- 
trol the high and low side of each phase. Digital protection of 
each phase eliminates an in-line firing condition, by preventing 
simultaneous tum-on of both the upper and lower transistors. 
The logic controls the high- and low-side gate drivers. Opera- 
tion from 5 to 15V logic levels can be programmed by applying 
the appropriate voltage to pin 12 (Vipr). The PWR-82340/342 
has a ground referenced low-side gate drive. An internal dc-dc 
converter supplies a floating output to each of the 2 high-side 
drives. This provides a continious high-side gate drive even 
during a motor stall. Pin 11 (Vipo) supplies a 15V output, 
which can be used to power the internal logic when system 
useage requires 15V logic. The high- and low-side gate drivers 
control the N-channel MOSFET or IGBT output stage. The 
MOSFETs used in the PWR-82340 allow output switching up 
to SOKHz, while the high-speed IGBTs in the PWR-82342 can 
switch at 25kHz. A flyback diode parallels each output transis- 
tor and controls the regenerative energy produced by the motor. 
These fast recovery diodes have faster reverse switching times 
than the intrinsic body diode of the MOSFETs used in the PWR- 
82340. They also protect the IGBTs used in the PWR-82342 
from exceeding their Emitter-to-Collector breakdown voltage. 
Use of a copper case and solder attachment of the output transis- 
tors achieves a low thermal resistance of 0.85°C/W maximum. 
Care should be taken to adequately heatsink these motor drives 
to maintain a case temperature of 125°C. Junction temperatures 
should not exceed 150°C. The PWR-82340/342 do not have in- 
ternal short-circuit or Overcurrent protection, which if required, 
must be added externally to the hybrid. 
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Blas Voltages 

The PWR-82340/342 motor drive hybrids require only a 
single power supply for operation. The hybrid generates two in- 
dependent, floating supplies, which eliminates the need for ex- 


ternal bias voltages for each phase. 


ololc PWR-82340 and PWR-82342 


See figures 4 and 5 for bias resistor characteristics. 


If additional power dissipation in Rp is a concer, figure 3c 
shows a more efficient design, using a low-power resistor (Rr) 
and an additional transistor. To determine the proper resistor to 
use, refer to figure 6. 

In order for the internal power supply to generate these vol- 
tages, the input bias voltage (Vp) must be from 15 to 50 Vdc. In If there is another voltage available in the system in the 15 to 
most avionic systems this can be accomplished by connecting 50 Vdc range, then this voltage can be directly connected to the 


the Vp pin to the MIL-STD-704D, 28 Volt bus. See figure 3a. V> pin of the hybrid. 


In any case, a 0.01 uf decoupling capacitor (Cp) must be 


If the system bus voltage is greater than SO Vdc (and a lower 
connected between V> (pin 8) and GND. 


voltage is not available), then the Vp pin and V, pin can be tied 
together with an external power resistor (Rp) and connected 
from these pins to the system power bus. See figure 3b. 


+15 < V < +50Vdc V > +50Vde V > +50Vde 


NO RESISTOR REQUIRED 
OPEN 


V ce 


PWR-82340/342 PWR-82340/342 


PWR-82340 


FIG.3B FIG.3C 


FIG.3A 


NOTE: Co = 0.01uf, 100V, CERAMIC ; Qb = 200V, 6W TRANSISTOR FOR PWR-82340 ; Qb = 500V, 12W TRANSISTOR FOR PWR-82342 


FIGURE 3. CONNECTION TO BUS VOLTAGE TO DEVELOP PROPER INPUT BIAS VOLTAGE. 
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Figure 4a. PWR-82340 Figure 4b. PWR-82342 
FIGURE 4. BIAS RESISTOR VALUE VS. BUS VOLTAGE 
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Bus Voltage, Vo (volts) 


a 100 150 200 280 300 30 40 450 500 
Voce (volts) 
Figure 5a. PWR-82340 Figure 5b. PWR-82342 
FIGURE 5. POWER DISSIPATED IN BIAS RESISTOR (Rb) VS. BUS VOLTAGE 


i for ae 
srs = 1/2W for PWR-82342 
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FIGURE 6. Rt RESISTOR VALUE VS. BUS VOLTAGE 
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CORPORATION 
Digitally Controlled Inputs digital circuitry inside the hybrid. A 0.01uF, 50V ceramic 
The PWR-82340/342 uses Schmitt triggered digital inputs capacitor must be placed between this pin (12) and GND as 
(with hysteresis) to ensure high-noise immunity. The trigger close to the hybrid as possible. When using 15V control cir- 
switches at different points for positive and negative going sig- cuitry, the logic power input (pin 12) can be connected directly 
nals. Hysteresis voltage (Vx) is the difference between the posi- to the logic power output (pin 11) of the hybrid. There is no 
tive going voltage (Vp) and the negative going voltage (Vn) (see need for an additional external power supply. When using 5V 
figure 7). The digital inputs have programmable logic levels, control logic, an external 5Vdc supply must be connected be- 
which allows the hybrid to be used with different types of con- tween pin 12 of the hybrid, and GND — leave Pin 11 open 
trol logic with an input voltage range of 5-15V, such as TTL or (N/C). The control circuitry can be as simple as a PWM, or as 
CMOS logic. The PWR-82340/342 internal power supply sophisticated as a microprocessor or custom ASIC, depending- 
generates a 15Vdc (Vipo) on pin 11. This output can only be on the system requirements. The Block Diagram in figure 8 
used to power the internal digital circuitry within the hybrid. shows a typical interface of the PWR-82340/342 with a motor 
Do not use this 15V output to power any circuitry external and control logic in a Servo-Amp System. 


to the hybrid. Pin 12 is the logic power input (V.p1) for the 


Vp VN Vu, Vi. Vs ——_ftp>—— Vo 


‘— Vo — 


Mia = itisCke canes : a ae ae eee ee rT ee safheatosioreataaae sia 
Vu, Vi. Vso 
Vo Vu = Vp - VN 
GND == TRIGGER POINTS ss, Vu. Vi Vse 
VN Vp 
FIGURE 7. HYSTERESIS DEFINITION AND CHARACTERISTICS 
28V 
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PWR-82340/342 


. CRITICAL GROUND PATH 


To prevent damage to the intemal drive circuitry, the differential voltage between 
GND (pins 7, 18) and Vssg (pins 1, 4) must not exceed +3V max, de or peak. 


FIGURE 8. PWR-82340/342 TYPICAL INTERFACE WITH A MOTOR AND PWM. 
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Shut-Down Input (Vsq) 

Pin 15(Vsa) provides a digital shut-down input, which allows 
the user to completely turn off both the upper- and lower-output 
transistors in both phases. Application of a logic ‘1’ to the Vsq 
input will latch the Digital Control/Protection circuitry thereby 
turning off all output transistors. The Digital Control/Protection 
circuitry remains latched in the off state and will not respond to 
signals on the Vi or Vu inputs while the Vsq has a logic “1” ap- 
plied. When the user or the sense circuitry (as in figure 10) 
returns the Vsq input to a logic ‘0’, and then the user sets the VL 
and Vy inputs to a logic ‘0’ the output of the Digital Con- 
trol/Protection circuitry will clear the internal latch. When the 
next rising edge (see figure 9) occurs on the Vi or Vu digital in- 
puts, the output transistors will respond to the corresponding 
digital input. This feature can be used with external current limit 
or temperature sense circuitry to disable the drive if a fault con- 
dition occurs(see figure 10). 


PWR-82340 and PWR-82342 


Internal Protection Circuitry 

The hybrid contains digital protection circuitry, which 
prevents in-line transistors from conducting simultaneously. 
This, in effect, would short circuit the power supply and would 
damage the output stage of the hybrid. The circuitry allows 
only proper input signal patterns to cause output conduction. 
Figure 9 and Table 3 show these timing relationships. If an im- 
proper input requested that the upper and lower transistors of the 
same phase conduct together, the output would be a high im- 
pedance until removal of the illegal code from the input of the 
PWR-82340/342. A dead time of 500nsec minimum should 
still be maintained between the signals at the Vu and V_ pins; 
this ensures the complete turn off of any transistor before turn- 
ing On its associated in-line transistor. 


FIGURE 9. SHUT-DOWN (Vsqa) TIMING RELATIONSHIPS. 
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FIGURE 10. FUNCTIONAL SHUT-DOWN INPUT USED WITH CURRENT-SENSING CIRCUITRY. 
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PWR-82340 Power Dissipation (see figure 11) 

There are three major contributors to power dissipation in the 
motor driver: conduction losses, switching losses, and flyback 
diode losses. 


Voc= 140V(Bus Voltage) 

loa = 20A (see figure 11) ; Iop = 30A; (see figure 11) 

tor = 20ps (see figure 11); T = 40ps (period) 

Ron = 0.1 Q (on-resistance see Table 2, Io = 30A, T. = 25°C) 
= 250ns (see figure 11); te2 = 250ns (see figure 11) 

fo = 25kHz(switching frequency) 

Vr is the diode forward voltage, Table 2. Io = 30A,T, = 25°C 

Vedavg) = 1.15V 

Ir is the diode forward current 


1. Conduction Losses (Pc) 
Pc = (I motor rms)* x Ron 


los —Ioa)” \( ton 
I motor rms = ( Ton” lop on fon + C00”) 


3 T 


Ane 
I motor rms = (30-30 (30-20) + 52 20 \(5| 


3 40 


Pc = (17.80A)’ x (0.1 Q) 
Pc = 31.68 Watts 


2. Switching Losses (Ps) 
= [Vcc(Ioa(ts1) + Iop(te2))fol/2 
Ps = [140(20 (250ns) + 30(250ns))25k]/2 
Ps = 21.88 Watts 


3. Flyback diode loses (Pur) 
= Ir (avg) x Vs (avg) 
I; (avg) = [(lop + Ioa)/2]/2 = [(30 + 20)/2]/2 = 12.5A 
Pap = 12.5A x 1.15V 
Par = 14.38 Watts 


To calculate the maximum power dissipation of the output 
transistor as a function of the case temperature use the following 
equation. (Reference figure 20 to ensure you don’t exceed the 
maximum allowable power dissipation of each transistor.) 

Po = Pct Ps 
To calculate Total Power dissipated in the hybrid use: 
4 
Prowl = ¥, [Pcit Ps + Pai] where i = each transistor or diode. 


i=] 


Vcc 


+—— ts ———s 


PWR-82340 and PWR-82342 


PWR-82342 Power Dissipation (see figure 11) 

There are three major contributors to power dissipation in the 
motor driver: conduction losses, switching losses, and flyback 
diode losses. 


Vcc = 270V(Bus Voltage) 

Ioa = 20A (see figure 11) ; lop = 30A; (see figure 11) 

ton = SOps (see figure 11); T = 1001s (period) 

Vce(saT) = 3.8 V (see Table 2, lb = 30A, Te = 25°C) 

ts: = 300ns (see figure 11); ts2 = 300ns (see figure 11) 

fo = 10kHz(switching frequency) 

Vris the diode forward voltage, Table 2, I, = 30A,T, = 25°C 
Vidavg) = 1.70V 

Ir is the diode forward current 


1. Conduction Losses (Pc) 
Pc = (I motor rms) x Vcg(saT) 


Tray? 
I motor rms = (Jos? los (lop — loa ) + a \() 


2 
I motor rms = (30? 30 (30 - 20) + (0 = 20)" \(;as| 


5 100 


Pc = (17.80A) x (3.8V) 
Pc = 67.64 Watts 


2. Switching Losses (Ps) 
Ps = [Vcc(loa(te1) + Ios(te2))fol/2 
Ps = [270(20 (300ns) + 30(300ns))10k]/2 
= 20.25 Watts 


3. Flyback diode loses (Par) 
Par = Ip (avg) x V¢ (avg) 
I; (avg) = [lop + Ioa)/2)/2 = ((30+ 20)/2]/2 = 12.5A 
Pat = 12.5A x 1.70V 
Pap = 21.25 Watts 


To calculate the maximum power dissipation of the output 
transistor as a function of the case temperature use the following 
equation. (Reference figure 20 to ensure you don’t exceed the 
maximum allowable power dissipation of each transistor.) 


Po =Pct Ps 
To calculate Total Power dissipated in the hybrid use: K 
4 
Prot = )_ [Pci + Psi + Pai] where i = each transistor or diode. 


t=1 


Art esesesesaee 
jsauccuaseceeaaea. 


FIGURE 11. OUTPUT CHARACTERISTICS 
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PWR-82340 and PWR-82342 


GROUND CONNECTIONS 


Layout & External Components 


Important Information - The following layout guidelines and 
required external components are critical to the proper operation 
of these motor drives, 


External connections can be easily made to the hybrid by any 
of the following methods: 


¢ Solder a wire around each pin . 


¢ Use pin extenders to raise the height of each pin so a 
printed circuit board can be mounted on top of the hybrid . 


¢ Use a printed circuit board with a cutout that will enable 
the printed circuit board to slide over the pins. 


Permanent damage will result to the motor drive if the user 
does not make the following recommended ground connec- 
tions that will ensure the proper operation of the hybrid. 


The Vp» and logic grounds are on pins 7 and 18 (GND). The 
Vss connections for the output stage are on pins 1 and 4 (Yss). 
To prevent damage to the internal drive circuitry, the dif- 
ferential voltage between GND (pins 7,18) and Vss (pins 1,4) 
must not exceed +3V max, dc or peak. This includes the com- 
bined voltage drop of the associated ground paths and the volt- 


age drop across Reense (See figure 12). For example, a value for 
Rsense Of 0.025Q will give a voltage drop of 1.25V at SOA and 
allow enough margin for the voltage drop in the ground conduc- 
tors. Locate Rsense 1"-2" maximum from the hybrid. It is criti- 
cal that all ground connections be as short, and of lowest 
impedance, as the system allows. 


Cl and C2 are 1p1F, 10V ceramic capacitors that provide a 
low ac impedance between each Vss pin and GND. You must 
use 1 capacitor for each Vss pin-to-GND connection (total of 2 
capacitors in all), these capacitors are independent of the type of 
drive scheme used. Since placement of these capacitors is criti- 
cal, place these capacitors across the hybrid, if possible. Please 
note, on figure 12, that C1 and C2 must go directly from ter- 
minal-to-terminal on the hybrid — do not daisy chain along 
the ground return. 


C3 and C4 are the 0.1 uf ceramic bypass capacitors that sup- 
press high frequency spiking. The voltage rating should be 2x 
the maximum system voltage. These capacitors should be lo- 
cated as close to the hybrid as possible. 


Care must be taken to control the regenerative energy 
produced by the motor in order to prevent excessive voltage 
spiking on the Vcc line. Accomplish this by placing a capacitor or 
clamping diode between Vcc and the high-power ground return. 


C1,C2 = 1.00uf, 10V CERAMIC CAPACITORS 


C3,C4 = 0.10uf, 


CERAMIC CAPACITORS 


C5 =0.01uf, 100V CERAMIC CAPACITOR 
C6 =0.01uf, 50V CERAMIC CAPACITOR 


PWR- 82340/342 


R 
SENSE 


FIGURE 12. PWR-82340/342 GROUND CONNECTIONS 
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FIGURE 14A. PWR-82340 TYPICAL ON RESISTANCE FIGURE 14B. PWR-82342 TYPICAL VcesaT) VARIATION 
VARIATION WITH TEMPERATURE. WITH TEMPERATURE. 
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OUTPUT VOLTAGE DROP EACH IGBT Vce;sat) (VOLTS) 


OUTPUT VOLTAGE DROP EACH FET Vron (VOLTS) 


OUTPUT CURRENT PULSE lop (AMPS) 


FIGURE 15B. PWR-82342 TYPICAL OUTPUT 
ON VOLTAGE DROP VERSUS OUTPUT CURRENT. 


OUTPUT CURRENT PULSE lop (AMPS) 


FIGURE 15A. PWR-82340 TYPICAL OUTPUT 
ON VOLTAGE DROP VERSUS OUTPUT CURRENT. 


50 


Quiesent Bias Current |, (milliamps) 


15 20 20 30 35 40 45 50 
Bias Volfage V, (volts) 
FIGURE 16. PWR-82340/342 TYPICAL QUIESCENT BIAS CURRENT VERSUS BIAS VOLTAGE 
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DUS VUNICTN 1, (WUTTms) 
Bias Current |, Camps) 


15 20 30 35 40 45 50 15 20 29 30 35 40 45 50 


s Voltage V, (volts) Bias Voltage V, (volts) 
FIGURE 17A. PWR-82340 TYPICAL BIAS CURRENT FIGURE 17B. PWR-82342 TYPICAL BIAS CURRENT 
VERSUS BIAS VOLTAGE at fo = 30kHz VERSUS BIAS VOLTAGE at fo = 10kHz 


Bias Current |, (milliamp) 


0 5 10 15 2 25 30 35 40 45 50 0 25 5 76 10 125 15 4175 20 225 25 


Operating Frequency f, (kHz) Operating Frequency f, (kHz) 


FIGURE 18A. PWR-82340 BIAS CURRENT VERSUS FIGURE 18B. PWR-82342 BIAS CURRENT VERSUS 
OPERATING FREQUENCY OPERATING FREQUENCY 


Me PWR-82340 and PWR-82342 
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Output Current, |, (amps) 
Output Current, |, (amps) 


Case Temperature, T, (°C) Case Temperature, T. (°C) 
FIGURE 19A. PWR-82340 FIGURE 19B. PWR-82342 
MAXIMUM ALLOWABLE CONTINUOUS OUTPUT MAXIMUM ALLOWABLE CONTINUOUS OUTPUT 
CURRENT VERSUS CASE TEMPERATURE. CURRENT VERSUS CASE TEMPERATURE. 


Max. Power Dissipation, P, (watts) 
(each output transistor) 


Case Temperature, T, (°C) 


FIGURE 20. PWR-82340/342 MAXIMUM ALLOWABLE POWER DISSIPA- 
TION OF EACH OUTPUT TRANSISTOR VERSUS CASE TEMPERATURE. 
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TABLE 4. PIN ASSIGNMENTS 
Mounting [IN| FUNCTION [PIN | FUNCTION 


The package bolts to part of the chassis or even the motor as- 
sembly itself, depending on system requirements. In applica- 
tions where this isn’t convenient, the hybrid can be mounted to 
its own heatsink. The heat transfer in a hybrid is from semicon- 
ductor junction to the bottom of the hybrid case. The flatness 
and maximum temperature of this mounting surface are critical 
to proper performance and reliability, because this is the only 
method of dissipating the power created in the hybrid. Use a 
mounting surface flatness of 0.004 inches/inch maximum. This 
interface can be improved with the use of a thermal compound 
or pad. The heatsink should be designed to insure that the case 
temperature does not exceeded +125°C. 


AE NPUT-OUTPUT TRUTH 
TESUINPUTS | OUTPUTS 


0.128 (3.25) 
+0.002 -0.005 
(4 HOLES) 


L 
H 
L 
H 
X 
Z 


(5.08) (40.64) 
DP) (TOL. NONCUM) 


0.325 


TOP VIEW (8.26) 
0.050 (1.27) 


0.140 0.215 a ame +0.002 
(3.56) The (5.46) - en tT TYP 
0.390 MAX = 0.100 - f 


(9.91) (2.54) FLATNESS IS 0.004 e BS 
INCHES PER INCH ) 
SIDE VIEW 


ORDERING INFORMATION 
PWR - 8234X - X X0 
T_ Rellabllity Grade: 
0 = Standard DDC Procedures. 
1 = Military processing available. 
2 = Military processing available but 
without QCI testing 


Temperature Range: 
= -55 to 125°C 
3= Oto 70°C 


FIGURE 21. PWR-82340/342 MECHANICAL OUTLINE 


Rating: 
0 = 200V using MOSFETs 
2 = 500V using IGBTs 
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SECTION L 
DC - DC CONVERTERS 


PRODUCT SUMMARY TABLE 


PACKAGE DESCRIPTION/FEATURES 


2.1 x 1.12 x 0.495 MIL-STD-461 EMI filter L-2 
5 pin plug-in 


3.2 x 2.45 x 0.55" +15V & +5V, +12V & +5V BOW de - de converters. Features include high 
10 pin plug-in with mounting flange power density and 80% min operating efficency. Operation over a wide 
operating temperature range and hermetically sealed. 


3.2% 2:45 x 0.55" +15V & +5V, +12V & +5V GOW de - de converters. Features include high 
10 pin plug-in with mounting flange power density and 80% min operating efficency. Operation over a wide 


* 
. 


samen | 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
*® New Product 


L-1 


Dol 


ILC DATA DEVICE 
CORPORATION 


DESCRIPTION 


The EMI-82470 is designed to reduce 
the input line reflected ripple current of 
DDC’s PWR-82400 Series, as well as 
other manufacturers of switch mode dc- 
dc converters. 

Operating over the full military 


temperature range, these filters are in- 
tended for applications where MIL- 
STD-461B levels of conducted and 
radiated noise must be met. 

When connected as shown in figure 1, 
the PWR-82400 Series dc-dc converters 


EMI FILTER 


EMI-82470 
EMI FILTER 


WITH TRANSIENT SUPPRESSOR 


PRELIMINARY 


and filters will meet the EMI require- 
ments of MIL-STD-461B, CE01, 
CE03, CS01, CS06, RE02, RS06. The 
input voltage requirements of MIL- 
STD-704 B, C, D, E will also be met 
with this configuration. MIL-STD- 
704A can be met with an additional tran- 
sorb (see figure 2). 

The small size, high reliability, and 
military processing availability make 
these filters ideal for military or 
aerospace applications. 


SHIELDED CABLE 


Vin 


28VDC 


NOTE: 


EMI-82470 


CASE 
GND 


Vin 
RTN 


C1 AND C2 ARE REQUIRED FOR CEO3 AND REO2 NARROW BAND ONLY 


DC-DC 
CONVERTER 


Call for updated data sheet. 


FEATURES 


Meets MIL-STD-461B 

Meets MIL-STD-704 B, C, D, E 
Small Size (2.09" x 1.11" x 0.495") 
Operates from -55 to +125°C 


* Military Processing Available 


OUTPUTS 


FEmMmMagn<NDWDCH oa 


C1 = C2 = 200pf-0.1 Uf, 100V CERAMIC. ACTUAL VALUE AND LOCATION DEPENDS ON THE SYSTEM DESIGN AND COMMON-MODE NOISE. 


FIGURE 1. EMI FILTER CONNECTION DIAGRAM TO MEET MIL-STD-461B AND MIL-STD-704 B, C, D, E . 


SHIELDED CABLE DC-DC 
CONVERTER 


EMI FILTER 


CASE PWR-82400 
SERIES 


TRANSZORB 


(see note) 


28V 


OUTPUTS 


NOTE: 
GENERAL SEMICONDUCTOR 70415K36T OR EQUIVALENT. 
(ONLY REQUIRED TO MEET 80 VOLT 100msec SPIKE,NOT REQUIRED FOR 600 VOLT 50usec SPIKE) 


FIGURE 2. EMI FILTER CONNECTION DIAGRAM TO MEET MIL-STD-704A 
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TABLE 1. SPECIFICATIONS 
All conditions at +25°C unless otherwise specified. 


[PARAMETER | CONDITIONS |MIN.|TYP./MAX.| UNITS | 


Input Voltage Steady State | O | 28 


eect ee LL | Bal at 
ripple 0.7| Amps rms 


[Input Clamping Volage | -85to +126°C__| 415 | 50 | 685 | Vio 
Toxtout Votuge | Swasy Saw | | 08] -14| watt | 
[ouput Curent | Stacy So [{_{_[ amps 
(Power Dssioaion [Max Curen | [07 | 1 | wan | 
Nose Redusvon _{ 1o0kz te Soha, 40.80 _—_e_ 


Any pin-to-case 


ao 
at 500 Vde 


[Case Operating Temp. | sf 85 | ota | PC 


Li OG 
grams 


NOTE: - Derate Vin linearly to 33 Vde at +125°C. 


Unless otherwise specified, dimensions 
are in inches + 0.005 (millimeters + 0.127). 


PIN 1 DENOTED 
BY CONTRASTING 


COLORED BEAD +} —— ss066)——* 
Bo 1 20 


BOTTOM VIEW 


aanenn oe 


0.25 +0.01 TYP 
(6.35 +0.25) 


0.040 +0.002 DIA 


(5 REQD) 
f ar 0051) 


0.495 MAX 
(12.573) 
SIDE VIEW 


FIGURE 3. MECHANICAL OUTLINE 


The information in this data sheet is believed to be accurate; however, no respon- 


sibility is assumed by ILC Data Device Corporation for its use, and no license or 
rights are granted by implication or otherwise in connection therewith. 


Specifications are subject to change without notice. 
2/92 


EMI-82470 


| TABLE 2. PINASSIGNMENTS | 

| PIN NUMBER _FUNCTION : 
ne ae cae 
| 3 ~_| CASEGND 


| 4 Vout RTN 


PROCESSING AND ENVIRONMENTAL SCREENING 


All of DDC’s EMI-82470 EMI Filters are packaged in a fully 
hermetic metal case with a parallel seam welded cover and un- 
dergo the following standard environmental screening: 


- Element evaluation: Per Method 5008 of MIL-STD-883 
- Pre-Cap internal visual inspection: Per Method 2017 

- Stabilization Bake: 24 hours at 150°C 

- Temperature Cycle: 10 times per Method 1010, Cond. B 
- Constant Acceleration: 500g per Method 2001 

- Gross Leak: Per Method 1014, Cond. C 

- Fine Leak: Per Method 1014, Cond. A 


- Bum-In: 168 hours at T, = +125°C (Not performed on -300, - 
100 units) 


- Final Electrical Test: Room, Hot, Cold (Testing at +25°C 
only for -300 units) 


- Final External Visual Inspection: Per Method 2009 
ORDERING INFORMATION 


(See Processing and Environmental Screening.) 


EM 1-82470-110 


L Reliability Grade: 


O= StandardDDC Processing 

1= Military processing available 

2= Military processing available 
but without QCI testing" 


* 


Temperature Range: 
1 =-55°C to +125°C 
3=0°C to +70°C 


“Consult factory for details. 
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DESCRIPTION 


The PWR-82400 Series are full mil 
temperature range 60 watt dc-dc con- 
verters. The output is characterized from 
-55°C to +125°C. Processing includes 
element evaluation and full environ- 
mental screening, thus eliminating the 
need for complex specification control 
drawings. Military processing is avail- 
able. 


The PWR-82400/402 are 60 watt triple 
output, 225 kHz dc-dc converters. The 
PWR-82400 operates over a wide input 
range of 16V to 40Vdc and supplies 
+15V at 1.33A each and +5V at 4A 
while the PWR-82402 supplies +12V at 
1.7A each and +5V at 4A. High input- 
to-output isolation along with separate 
Output returns enables the user to power 


Vin RTN © 


INH/SYNC © 


2 
CASE GND i 


PWM 


CONTROLLER 


PWR-82400 SERIES 
60 WATT, TRIPLE OUTPUT 


both sensitive analog circuitry while 
maintaining isolation from digital sig- 
nals. The PWR-82400 Series are short 
circuit protected by using internal pulse 
by pulse current limit circuitry which 
monitors the output load. Excellent line 
and load regulation are achieved by 
monitoring the +5V output thru o, 
coupling. In addition, the output ripy 
is typically SOmVp-p thru the use 
internal output filters. 


The PWR-82400 Series dc-dc con- 
verters make an excellent choice for dis- 
tributed power applications with their 
small size, high power density, and 
military processing availability . 


DC - DC CONVERTERS 


FEATURES 


-55 °C To +125 °C Electrical Char- 
acteristic Operation. 


Military Processing Available 


+15V and +5V or+12V and +5V 
Output Operation from 16 to 
40Vdc Input Range 


Internal Input Filter 


Meets Shock and Vibration per 
MIL-STD-883 Method 2007 


2,650,000 Hrs MTBF 


19.4 Watts Per Cubic Inch Power 
Density 


AUX 1 OUT 


AUX RTN 


AUX 2 OUT 


MAIN OUT 


MAIN RTN 


FIGURE 1. PWR-82400 SERIES BLOCK DIAGRAM 
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Input Voltage 16V to 50Vde 

Power Output Internally limited, 6(0W 

Short Circuit Duration Indefinite 

Temperature Range (See note 1.) Operating: -55°C to +125°C case 
Storage: -65°C to +150°C 

Soldering 250°C for 10 seconds 


TABLE 2. SPECIFICATIONS 
Tc = -55°C to +125°C, Input voltac s ; 
| PWR82400———— PWR-82402 
PARAMETER CONDITIONS 
| parawerer | comomons [aap pa] 


OUTPUT 
Voltage 
Main Vin=28Vde, Tc=25°C 
Aux! Full Load 
Aux2 
Tempco 
Main 
Aux1 
Aux2 
Current 
Main 
Aux1 
Aux2 
Ripple 
Main Full Load 
Aux! DC to 1MHz 
Aux2 Vin=28Vde 
Power See notes 1 & 2. 
REGULATION 
Line 
Main Vin=19 to 40Vde 
Aux1 Full Load 
Aux2 
Load 
Main 1% of Full Load to Full Load 
Aux1 Vin=28Vde 
Aux2 


Current No Load 
Inhibited 
a | Full Load, Tc=25°C 
See figure 3. Vin=28Vde 
INHIBIT/SYNC 
Po sync Required for sync operation. 
Logic Low 
Logic High 
Til inhibit 
Tih inhibit 
]j syne 
Start-up Time: 
From Inhibit 
From Vin 
Sync freq 
Sync du cle | V 


NOTES: 1. Above 100°C, derate linearly to 10W at 125°C. (See figure 2.) 
2. Below Vin=18Vde, derate linearly to 3OW at Vin=16Vde. 
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INPUT 

The PWR-82400 Series accepts an input voltage range of 16V 
to 40Vdc and uses an internal input Pi filter to limit the input 
reflected current ripple noise. Full power operation is capable 


down to 18Vdc. For operation during MIL-STD-704D emergen- 


cy conditions refer to Figure 4. 


INHIBIT/SYNC 

The PWR-82400 Series allows for both inhibit or synchroniza- 
tion by applying a TTL signal to Pin 4. For the inhibit feature, 
Pin 4 is held low thereby disabling the internal PWM and halt- 
ing operation of the converter. This allows for remote tum on 
and turn off of the converter with very low quiescent current 
during the off cycle. 


Synchronization is achieved by applying a TTL signal to Pin 4 
with a duty cycle from 50 to 90 percent. The external 
synchronization frequency range is 260 kHz to 370 kHz. This 
feature allows the user to synchronize the converter with a sys- 
tem clock thus eliminating false triggering from digital and sys- 
tem generated noise. For proper sync operation, the sync pulse 
input current should be 40mA min., and a minimum load of 
4.5W maintained at the output of the converter. 


THERMAL MANAGEMENT 
The PWR-82400 Series converters operate from -55°C to 
+125°C case temperature. Full power output is from -55°C to 


+100°C case with derating to +125°C case as shown in Figure 2. 


The use of forced air and/or additional heat sinking may be re- 
quired in high temperature applications. 


OUTPUT POWER, WATTS 


0 
16 18 20 22 24 26 28 30 32 34 36 38 40 
INPUT VOLTAGE, VOLTS D.C. 


FIGURE 4. OUTPUT POWER VS. INPUT VOLTAGE 
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FIGURE 2. OUTPUT POWER VS. CASE TEMPERATURE 
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FIGURE 3. TYPICAL EFFICIENCY VS. OUTPUT POWER 
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FIGURE 5. LOAD REGULATION VS. %LOAD 
CHANGE TO FULL LOAD 


iiss PWR-82400 SERIES 


CORPORATION 


| PIN #| FUNCTION | PWR-82400 | PWR-82402 | 
Vin 
CASE GND 
Vin RTN 
INH/SYNC 
AUX 2 OUT 
AUX 1 OUT 
AUX RTN 
MAIN RTN 
MAIN OUT 
MAIN OUT 


Dimensions in inches (mm). 


0.550 (MAX) 


(13 | | 
0.26 f > rs 


(6.60) 
3.195 (81.15) 


2.500 (63.5) 
2.300 (58.42) 

1.250 

31. 

la PIN NUMLBERS 
0.350 FOR REF. ONLY 
(8.89) 

0.800 (20.32) 


0.600 (15.24) 


{ FRONT VIEW 
( 
97) 


DOAN OA WAN = 


_ 
Oo 


0.300 (7.62) nad - 
0.200 (5.08) 
2.45 2.100 
bane 1.760 
(62.28) (63.34) 2%) (44.70) 
SIDE VIEW 


0.038 - 0.042 0.135 - 0.141 


PIN 1 DENOTED BY (0.97 - 1.07) (3.43 - 3.58) 0.12R (3 PLACES) 
SQUARE CORNER (10PLACES) (6 PLACES) (3.05) 
BOTTOM VIEW 


FIGURE 6. MECHANICAL OUTLINE 


PROCESSING AND ENVIRONMENTAL SCREENING ORDERING INFORMATION 


(See Processing and Environmental Screening.) 


All of DDC’s PWR-82400 Series DC-DC converters are packaged in a fully 
hermetic metal case with a parallel seam welded cover and undergo the follow-| pw pR.g240X-110 
ing standard environmental screening: 


L Reliability Grade: 


- Element evaluation: Per Method 5008 of MIL-STD-883 O= Standard DDC Processing 
; oa, 1= Military processing available 
- Pre-Cap internal visual inspection: Per Method 2017 2= Military processingavallable 


- Stabilization Bake: 24 hours at 150°C but without QC! testing 


Temperature Range: 
- Temperature Cycle: 10 times per Method 1010, Cond. B 1=-55°C to +1 OBeC 


0 0 
- Constant Acceleration: 500g per Method 2001 3=0°C to+70°C 


Auxiliary Outputs: 
- Gross Leak: Per Method 1014, Cond. C O=+15 Vde 


- Fine Leak: Per Method 1014, Cond. A eal alii 
- Burn-In: 168 hours at T, = +100°C (Not performed on -300, -100 units) 

- Final Electrical Test: Room, Hot, Cold (Testing at +25°C only for -300 units) 

- Final External Visual Inspection: Per Method 2009 


Vibration testing in all 3 axes , per MIL-STD-883, Method 2007 Cond. A, can 
also be performed. 
D 


L-7 


OOG 


ILC DATA DEVICE 
CORPORATION 


PWR-82401 and PWR-82403 


60 WATT, TRIPLE OUTPUT 
DC - DC CONVERTERS 


DESCRIPTION 


The PWR-82401/403 are full mil 
temperature range 60 watt dc-dc con- 
verters. The output is characterized from 
-55°C to +125°C. Processing includes 
element evaluation and full environ- 
mental screening, thus eliminating the 
need for complex specification control 
drawings. Military processing is avail- 
able. 


The PWR-82401/403 are 60 watt triple 
output, 225 kHz dc-dc converters. The 
PWR-82401 operates over a wide input 
range of 16V to 40Vdc and supplies 
+15V at 1.33A each and +5V at 4A 
while the PWR-82403 supplies +12V at 
1.7A each and +5V at 4A. High input- 
to-output isolation along with separate 
Output retums enables the user to power 


Vin RTN 


INH/SYNC 


2 
CASE GND ao | 


PWM 
CONTROLLER 


both sensitive analog circuitry while 
maintaining isolation from digital sig- 
nals. The PWR-82401/403 are short cir- 
Cuit protected by using internal pulse by 
pulse current limit circuitry which 
monitors the output load. Excellent line 
and load regulation are achieved by 
monitoring the +5V output thru opto 
coupling. In addition, the output ripple 
is typically SOmVp-p thru the use of 
internal output filters. 


The PWR-82401/403 dc-dc converters 
make an excellent choice for distributed 
power applications with their small size, 
high power density, and military 
processing availability. 


FEATURES 


-55 °C To +125 °C Electrical Char- 
acteristic Operation. 


Military Processing Available 


Pin Compatable Version with 
MFW28515T and MFW28512T 


+15V and +5V or+12V and +5V 
Output Operation from 16 to 
40Vdc Input Range 


Internal Input Filter 


Meets Shock and Vibration per 
MIL-STD-883 Method 2007 


2,650,000 Hrs MTBF 


19.4 Watts Per Cubic Inch Power 
Density 


AUX 1 OUT 


AUX RTN 


AUX 2 OUT 


MAIN OUT 


MAIN RTN 


FIGURE 1. PWR-82401/403 BLOCK DIAGRAM 
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wate PWR-82401 and PWR-82403 


CORPORATION 


TABLE 1. ABSOLUTE MAXIMUM RATINGS 


Input Voltage 16V to 50Vde 

Power Output Internally limited, 60W 

Short Circuit Duration Indefinite 

Temperature Range (See note 1.) Operating: -55°C to +125°C case 
Storage: -65°C to +150°C 

Soldering 250°C for 10 seconds 


TABLE 2. SPECIFICATIONS 
Tc = -55°C to +125°C, Input voltage range = 16Vdc to 40Vdc unless otherwise specified. 


Sener 
/_PARAMETER | MIN, | typ, | MAX. [| oMIN. | TYP, | MAX. 


OUTPUT 

Voltage 
Main Vin=28Vde, Tc=25°C 
Aux1 Full Load 
Aux2 

Tempco 
Main 
Aux1 
Aux2 

Current 
Main See note 2. 
Aux1 
Aux2 

Ripple 


Main 

Aux1 

Aux2 
Power 


REGULATION 


Line 
Main 
Aux1 
Aux2 

Load 
Main 
Aux1 


Full Load 

DC to 1MHz 
Vin=28Vde 

See notes 1 & 2. 


Vin=19 to 40Vdc 
Full Load 


1% of Full Load to Full Load 
Vin=28Vde 


Aux2 
INPUT 
Current No Load 
Inhibited 
EFFICIENCY Full Load, Tc=25°C 
See figure 3. Vin=28Vdc 


INHIBIT/SYNC 
Po sync Required for sync operation. 
Logic Low 
Logic High 
Til inhibit 
Tih inhibit : . ; : mAdc 
mAac peak 


Ti sync 

Start-up Time: 
From Inhibit 
From Vin 

Sync freq 


SWITCHING ea 
WEIGHT 


NOTES: 1. Above 100°C, derate linearly to 10W at 125°C. (See figure 2.) 
2. Below Vin=18Vdc, derate linearly to 30W at Vin=16Vdc. 


Lo an PWR-82401 and PWR-82403 


CORPORATION 
The PWR 82401/403 l f 16V 

. ts t volta to ° 
40Vdc and uses an intemal input Pi filter to limit the input ee 
reflected current ripple noise. Full power operation is capable = 2 ry ff tf ty 
down to 18Vdc. For operation during MIL-STD-704D emergen- 40 
ey eondions fro Figure 4 “CCE 
INHIBITISYNG mm soo + tt tT TY 
Th "8240 ee — 
i a a oat Nin) For the ae ae 2 10 PE yy ttt Th 10W @ 125°C 
is held low thereby disabling the internal PWM and halting swe EE ETT TL 
operation of the converter. This allows for remote turn on and "55-40 -20 0 20 40 60 80 100 120 140 
turn off of the converter with very low quiescent current during 
the off cycle. CASE TEMPERATURE, °C 


with a duty cycle from 40 to 98 percent. The external 
synchronization frequency range is 250 kHz to 400 kHz. This 
feature allows the user to synchronize the converter with a sys- 
tem clock thus eliminating false triggering from digital and sys- 
tem generated noise. 


THERMAL MANAGEMENT 

The PWR-82401/403 converters operate from -55°C to +125°C 
case temperature. Full power output is from -55°C to +100°C 
case with derating to +125°C case as shown in Figure 2. The use 
of forced air and/or additional heat sinking may be required in 
high temperature applications. 


EFFICIENCY, % 


cia. a ae 
P{4A ttt tt tt 
Pt tT TT yy fete aseon | 


76 
0 § 10 15 20 25 30 35 40 45 50 55 60 
OUTPUT POWER, WATTS 


FIGURE 3. TYPICAL EFFICIENCY VS. OUTPUT POWER 
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FIGURE 4. OUTPUT POWER VS. INPUT VOLTAGE FIGURE 5. LOAD REGULATION VS. %LOAD 
CHANGE TO FULL LOAD 
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Ge PWR-82401 and PWR-82403 


CORPORATION 
TABLE 3. PIN ASSIGNMENTS Dimensions in inches (mm). 
PIN #| FUNCTION | PWR-82401 | PWR-82403 | FRONT VIEW 
1 Vin 0.550 (MAX) 
2 | CASE GND (13.97) 
3 Vin RTN t 0.055 
4 INH/SYNC ne FF ee = (1.40) 
5 | MAIN OUT (6.60) 
6 MAIN OUT 3.195 (81.15) 
7 AUX RTN 2.500 (63.5) 
8 MAIN RTN 
9 | AUX 20UT 2.300 (58.42) 
10 | AUX 1 OUT +386 
ae PIN NUMLBERS 
0.350 FOR REF. ONLY 
(8.89) 


| 
O- 


i) 


0.800 (20.32) 
0.600 (15.24) | 0.480 
0.300 (7.62) (12.19) 
0.200 (5.08) 
2.45 2.100 1.760 
1,000 

(62.23) (53.34) een) (44.70) 

SIDE VIEW 


0.038-0.042 0.135-0.141 
PIN 1 DENOTED BY (0.97 - 1.07) (3.43 - 3.58) 0.12R (3 PLACES) 
SQUARE CORNER (10PLACES) (6 PLACES) (3.05) 


BOTTOM VIEW 
FIGURE 6. MECHANICAL OUTLINE 


PROCESSING AND ENVIRONMENTAL SCREENING ORDERING INFORMATION 


All of DDC’s PWR-82401/403 DC-DC converters are packaged in a fully her- | (See Processing and Environmental Screening.) 
metic metal case with a parallel seam welded cover and undergo the following 


standard environmental screening: PWR-8240X-110 
- Element evaluation: Per Method 5008 of MIL-STD-883 L Reliability Grade: 
O= Standard DDC Processing 
- Pre-Cap internal visual inspection: Per Method 2017 1= Military processing available 
2= Military processing available 
- Stabilization Bake: 24 hours at 150°C but without QCI testing 
- Temperature Cycle: 10 times per Method 1010, Cond. B Temperature Range: 
1 =-55°C to +125°C 
- Constant Acceleration: 500g per Method 2001 3=0°C to +70°C 
- Gross Leak: Per Method 1014, Cond. C Auxiliary Outputs: 
1 = +15 Vde L 
- Fine Leak: Per Method 1014, Cond. A 3= +12 Vde 


- Burn-In: 168 hours at T; = +100°C (Not performed on -300, -100 units) 

- Final Electrical Test: Room, Hot, Cold (Testing at +25°C only for -300 units) 
- Final External Visual Inspection: Per Method 2009 

Vibration testing in all 3 axes , per MIL-STD-883, Method 2007 Cond. A, can 


also be performed. 
Cc 
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SECTION M 
SYSTEMS 


PRODUCT SUMMARY TABLE 


wove. | PACKAGE DESCRIPTIONFEATURES: ah aes 


Cabinet 48 x 22 x 24" NATO SINS/GPS RETRANSMISSION SYSTEM provides a complete real- 
time interface between NATO SINS, NAVSTAR GPS, and existing navigation 
systems. Automatic selection of NATO SINS or secondary compass. Contains 
diagnostic computer and LED BIT fault indication at card level. 


SOLID-STATE SYNCHRO RETRANSMISSION SYSTEM (SRS) that provides 
power boosts as well as speed ratio, ratioratio transformation of ships 
navigation, and attitude synchro information. It has digital implementation and 
modular partitioning, BITE, fully protected outputs, high reliability, and is 
expandable. 


SOLID-STATE SYNCHRO RETRANSMISSION SYSTEM (SRS) that provides 
power boosts as well as speed ratio, ratio transformation of ships navigation, 
and attitude synchro information. It has digital implementation and modular 
partitioning, BITE, fully protected outputs, high reliability, and is expandable. 


SOLID-STATE SYNCHRO RETRANSMISSION SYSTEM (SRS) that provides - 
power boosts as well as speed ratio, ratio transformation of ships navigation, 
and attitude synchro information. It has digital implementation and modular 
partitioning, BITE, fully protected outputs, high reliability, and is expandable. 


Open frame chassis Seven channel, Hi - power, digital/synchro drive system. 
20.25 x 23.21 x 13" 
9.96 x 3.96 x 9.875" 39 channel switchboard synchro panel meter. 

2.81 x 3.90 x 7.59" (DDC-5521) 


_| Building - block P PC C cards for SRS, IRS, and Custom system requirements. 


Cabinet 78 x 22 x 24" 


Cabinet 67 x 21.6 x 21.6" 


Cabinet 


: oe 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 


* New Product 


SYSTEMS 


BACKGROUND INFORMATION 


Solid-state retransmission system for 
ships navigation: flexibility, 
availability and maintainability 


ccurate distribution of ships 
A pesto and attitude data 

has been a long standing ship- 
board requirement. The task of dis- 
tributing this information, which is 
usually generated in the form of 
single speed and multi-speed 
synchro data, is normally performed 
by a synchro retransmission system 
(a typical system is illustrated in 
Figure 1). 

The “distribution” of this data 
entails more than just a simple 
physical routing or buffering of the 
input data. In many cases, the user 
equipment requires the data in a 
different format or scale factor than 
that supplied by the source. For 
example, heading data as supplied 
by the compass system may be in 
the form of multi-speed synchro 
data at a speed ratio of 1:1 and 1:36. 
A particular user requiring this head- 
ing data may require it as a multi- 
speed synchro, but at a speed ratio 
of 1:1 and 1:9, or 1:16, ete. It is 
even possible that the receiving 
system requires the heading data in 
a completely different form, such as 
a linear (AC or DC) signal or as a 
digital data word to interface with 


a computer. 
To perform the preceding func- 


tions, the retransmission system 
must first convert the input data to 
an intermediate form most compat- 


ible with all the different output forms 


OUTPUT USERS 
RADAR 


INPUT SYNCHRO 
SOURCES RETRANSMISSION AUTO PILOT 
SYSTEM } ’ 
(PITCH, HEADING, (SRS) r 
ROLL, & SPEED) ‘ : 
: WEAPONS 
CONTROL 
INPUT SIGNALS OUTPUT SIGNALS 
Synchro Type From Each Source. Special Format To Each USER. 
TYPICAL SOURCES TYPICAL USERS 
- GYROCOMPASS SYSTEMS - NAVIGATION CONTROLS 
- PITCH-ROLL STABILIZED SYSTEMS - AUTO PILOT 
~- INERTIAL NAVIGATION SYSTEMS - ANTI-ROLL SYSTEM 
- SPEED LOG SYSTEMS ~ WEAPONS CONTROL 
- RADAR 
~ SONAR 
~ SENSOR SYSTEMS 
- PLOTTING TABLES 
~ REMOTE DISPLAYS 


Figure I. 


which must be generated. That is, 
the retransmission system must gen- 
erate a common form of data from 
which all the output formats can 

be derived. 

Since the data originates as a single 
shaft position or angle, it is obvious 
that this format is the least common 
denominator. Therefore, the first 
function of the retransmission 
system is to regenerate the input 
data (1:1/1:N) synchro signals as a 
single speed (1:1) angle. This single 
speed angle may then be used to 
regenerate the output data, via inter- 
face (transducer) devices, as required 
for each user. 


Reprinted with permission from Defense Systems Review, Volume 3, Number 2 - 1985 
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Classic retransmission system 
implementations 


The classic approach to imple- 
menting such a system has been an 
electro-mechanical one. An electro- 
mechanical retransmission system 
utilizes a precision follow-up servo 
loop to reproduce a physical 1:1 
speed shaft angle representing the 
input angle (heading, pitch, roll etc.). 
This shaft is then geared to various 
output transducers to generate the 
required data (see Figure 2). The 
specific formats of the output data 
are governed by the output trans- 
ducers. Synchro outputs are gener- 


SYSTEMS 


SERVO LOOP SYSTEM 
WITH I:N GEAR RATIO 


FINE COARSE 
NX IX 
INPUT 
SOURCES 
Figure 2. 


ated by synchro transmitters, DC 
and AC outputs by multi-turn poten- 
tiometers and digital data, if required, 
by shaft encoders or via synchros 
coupled with synchro to digital 
converters. 

The gearing required in such a 
system must be precision gearing 
usually employing anti-backlash tech- 
niques to achieve the required 
accuracies. Likewise, the electro- 
mechanical follow-up loop and its 
dynamics are critical. The loop 
dynamics of follow-up servos are 
sensitive to and determined by 
physical loading of the shafts and the 
inertia of the mechanical rotating 
components involved. These, in turn, 
are variables that change with age 
and are subject to physical “wear 
and tear.” Periodic maintenance 
efforts, to readjust electronic gains 
and gearing clearances as well as for 
lubrication and removal of accumu- 
lated dirt, are necessary. Failure to 
keep the electro-mechanical loop so 
optimized results in either sluggish 
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GEAR] OUTPUT 
SHAFT] RATIO] DEVICE USER 
R 
eres GEAR OUTPUT USE 
SHAFT] Catio| DEVICE i 
OUTPUTS 
TO VARIOUS 
USERS 
USER 


GEAR | OUTPUT 


GEAR RATIOS 
AS REQUIRED 
FOR EACH OUTPUT 


operation (causing output data to 
seriously lag input data) or jittering 
(hunting) due to worn gearing 

or bearings. 

For ships in the Frigate class, 
where a relatively large number of 
different equipments may need to 
be interfaced, the output require- 
ments in terms of channels may run 
from 40 to 100 interfaces. An electro- 
mechanical (EM) approach would, 
therefore, most likely require two to 
three six-foot equipment racks for 
such a system. 

In addition to the size estimate for 
the electro-mechanical approach, the 

next obvious disadvantage can be 
seen as the lack of flexibility for such a 
system. Once implemented, such a 
system would require extensive 
change or modification to add 
channels which might require 
different gear ratios. The central 
common shaft, being a physical one, 
is not easily “extended” or “routed.” 
There are many other aspects of EM 
systems which can be reviewed. 


The following is a brief summary 
of the factors in the electro- 
mechanical approach: 

@ Shipboard Space and Weight 


Requirements 


— Mechanical system is bulky and 


occupies considerable space 


® Initial and Lifetime Costs 
— Higher initial cost 
— Periodic maintenance and 
adjustments for wear 
— Mechanical repairs cause 
downtime 


® Accuracy and Availability 
— Trim adjustments are required 
— Wear and loading causes 
inaccuracies 
— BITE fault indication difficult 
— Repair time relatively long 

@ Flexibility 
— Modifications and additions are 
very difficult 
— Computer interfacing requires 
additional electronics 
— Technological obsolescence 


SYSTEMS 


Solid-state synchro retransmission 
unit 

Within the past 15 years, solid- 
state devices equivalent to many 
electro-mechanical servo components 
have been developed. These devices, 
in new applications, have replaced 
the use of the EM devices. The 
need for such devices and the 
majority of their applications came 
about as more and more systems 
employing digital computers were 
developed. These devices, Synchro- 
to- Digital Converters (S$/D) and 
Digital-to-Synchro Converters (D/S), 
serve as the signal data converters 
which link the analog world with the 
digital world. Very simply, an S/D is 
a device which is analogous to an 
input EM follow-up servo loop. 
Synchro inputs are converted to a 
digital word which is a “digital shaft 
angle” as opposed to a physical shaft. 
Likewise, a D/S converter is directly 
analogous to the basic output 
synchro element known as a Control 
Transmitter (CX). Immediately it 
can be seen that in a basic system a 
direct replacement can be made. 
Synchro inputs are converted to 
single speed digital shaft angles 
which are wired to digital to synchro 
converters which generate the 
required synchro outputs (see 
Figure 3). 

Note that linear DC and AC 
analog outputs are generated by the 
solid-state equivalent of a poten- 
tiometer which is a Digital to Analog 
(D/A) converter. An obvious and 
very important feature of a solid- 
state synchro retransmission system 
becomes apparent when one 
considers the “flexibility” the digital 
shaft angle provides as compared to 
a physical shaft. Remember, the 
single speed shaft must be modified 
to effect speed ratio changes and 
additional outputs. In an EM system 
this represents a major modification 
to the system, while in a solid-state 
system speed changes are accom- 
plished by a few wire changes on a 
connector and additional outputs are 
accommodated by the simple addi- 
tion of more plug-in output printed 
circuit cards. 

The flexibility of a digital solid-state 
system is only one of many reasons 
that this type of implementation is 
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the most desirable. Some others are: 


® Size is smaller 

@ Expansion for future requirements 
is much easier and less costly 

® Computer compatibility is built-in 

® Reliability and system availability 
is much higher 

® On-Line- Built-In Test (BITE) 
is easy to accomplish 

® Periodic maintenance and cali- 
bration are unnecessary 

@ Fault monitoring and isolation is 
achievable 

® Manual fault isolation and repairs 
are much easier due to plug-in 
modular techniques and fault 
indicators. 

One company’s basic approach to 

the implementation of a solid-state 

synchro retransmission system is an 

existing system designed for and 

delivered to the Royal Netherlands 

for their Standard Frigate Program. 


ILC Data Device Corporation’ s 
(DDC) Model 6322 solid-state 
retransmission system 

The RNLN’s “S” Class Frigates 
utilize these systems to consolidate 
all prime navigation synchro data 
transformations and distribution. 
Chosen primarily as the most cost 
effective solution for the RNLN’s 
requirements, the all solid-state 
retransmission system also provides 


bonus features of greatly reduced 
volume and maintenance require- 
ments as well as increased 

reliability, system dependability and 
unprecedented flexibility. 

The solid-state synchro 
retransmission system (SRS) (Figure 
4), provides power boost as well as 
speed ratio transformations of ship's 
navigation and attitude synchro infor- 
mation. The system then distributes 
the data in either synchro, DC or 
AC format to all ship’s systems 
requiring this data. Traditionally 
these functions had been provided 
by bulky and expensive electro- 
mechanical servo systems or on a 
distributed channel by channel basis 
as required. This shipboard data 
handling system is directly applic- 
able to the U.S. Navy submarine and 
surface ship requirement for 
synchro signal amplifiers or multi- 
speed Repeaters which are currently 
implemented with electro-mechanical 
systems. The synchro retransmission 
system actually goes beyond basic 
svnchro signal amplifier capabilities 
by providing the option of retrans- 
mitting the data in any speed ratio 
on a channel by channel basis 

DDC's approach to the SRS 
design concentrated mainly on build- 
ing a system which alleviated the 
problems inherent in the electro- 
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Figure 4. 


mechanical approach: namely, lack 
of flexibility, poor maintainability, 
requirements for adjustments and 
size. As an established supplier of all 
the solid-state servo Components 
necessuv, DDC was able to concen- 
trate its full engineering efforts on 
the svstem design rather then the 
detail design of the converters 
themselves. 

Flexibility was achieved by creat- 
ing functional “building blocks” or 
“modules” where each function, 
such as Synchro-to- Digital ($/D) 
conversion and Digital-to-Svnchro 
(1ID/S) conversion was designed on 
Kurosized plug-in printed circuit 
boards. The heart of this building 
block concept is at the printed 
circuit board (PCB) level. That is, 
the PCBs or cards were functionally 


putitioned and electronically design- 
ed to be stand alone devices. This 
concept was especially successful in 
the area of the cards designed to 
serve as the output transducers. 
That is, each different type of EM 
transducer which is being replaced 
by its solid-state equivalent can be 
equated to a single card assembly. 
For example, tor a D/S converter 
output function which is equivalent 
to a CX transducer, there is one 
plug-in card to accomplish this 
function. This permits functions to 
be added, deleted or changed with 
a minimum of difficulty. 

To further increase flexibility, the 
output functions were designed in- 
corporating, on the PCB, a pro- 
grammable Digital Multiplier for the 
Digital shaft angle input. Output 


Digital-to-Svnchro speed ratios are 
changed simply by changing a few 
programming jumpers on the chassis 
connector into which the card 
plugs in. 

The benefits of this design are: 

@ All 1D/S cards are identical, thev 
are programmed for speed ratio 
when they are plugged into the 
SRS 

@ Speed ratio changes are casily 
accomplished by changing a few 
jumpers on the chassis connector 

Digital-to- Analog output modules 

were also designed for scale factor 

programming by the chassis con- 
nector wiring, 

System availability and maintain- 
ability was greatly enhanced by pro- 
viding On-Line-Built-In-Test (BITE) 
circuitry on every functional module. 
If a module malfunctions, a fault 
indicator (LED) on the module is 
lighted and a digital fault signal is 
generated. The fault signal is used 
to generate a system alarm to indi- 
cate a malfunction and the illumin- 
ated module LED is used to isolate 
the fault to a single module func- 
tion. Repair is easily accomplished, 
with system power on, by the 
removal and replacement of the 
faulty plug-in module. This permits 
aminimum of training for on-board 
personnel. The incorporation of BITE 
on each system module provides the 
means to greatly increase svstem 
availability by automatic switching 
active redundaney of critical data 
channels. Information such as ship's 
heading which is critical to the per- 
formance of the ship, normally has 
two sources, a primary compass and 
a secondary compass. To achieve 
active redundancy, the heading 
synchro information from each com- 
pass is converted into a digital serial 
data word by an S/D converter card 
and is distributed throughout the 
SRS on individual serial data buses. 
Each output function receives the 
heading information from both com- 
pass | and compass 2 as opposed to 
switching prior to the input S/D 
converter. This method assures that 
data is transmitted to all outputs 
even if one of the compass inputs or 
S/D converters malfunctions. It is 
important to note that the heading 
information at the output module is 
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Figure 5. 


completely redundant. Selection of 
compass data being used is con- 
trolled in three ways: 


1) Automatic Mode: Selection is 
made by the status inputs from 
the two compasses and the BITE 
signals from the input S/D 
converter. 


2) Remote Mode: Selection is made 
by a remote digital input, provid- 
ing both compasses and both 
input $/D’s are valid. 


3) Manual: Front panel manual 
selection which overrides both 
automatic and remote selection. 


Primary information, being the most 
accurate, is selected during normal 
conditions, but if the input S/D 
converter module fails or if the pri- 
mary compass status signal indicates 
a problem, in the automatic mode, 
the system automatically switches to 
secondary heading without loss of 
information. This feature is self- 
healing and the system will return to 
primary information if the malfunc- 
tion is repaired. 

System maintainability was further 
simplified by incorporating test 
switches at each input and a front 
panel decimal display. In the normal 
mode of operation, input synchro 
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angles can be displaved to check 
their availability or accuracy. In the 
test mode, the input data is taken 
“off line” and fixed accurate synchro 
angles are substituted. These accurate 
test angles allow calibration of external 
systems (users) or trouble shooting 
of the system using the decimal 
display. The incorporation of these 
features eliminates the requirement 
for special test equipment and 
greatly aids in system installation. 

Another important feature that 
the solid-state design provides, which 
is not easily incorporated in an EM 
approach, is the ability to interface 
directly with a computer. The basic 
method of distributing data within 
the system is to use serial digital 
data words. These data words are 
easily formated for data transmission 
to external users via data buses such 
as RS232, Stanag 4156, Mil-Std- 
1553, etc. The computer interfaces 
are modular in design allowing the 
interface format and handshaking to 
be changed by the simple replace- 
ment of a printed circuit board. 

The modules developed by DDC 
to be used as building blocks were 
carefully partitioned such that each 
new system specification would 
require a minimum of engineering 
effort. The following is a listing of 


major module functions; 

® Synchro-to- Digital Conversion: 
both one speed and two speed. 

@ Digital-to-Synchro Conversion: 
programmable speed output. 

® |igital-to-Analog Conversion: 
programmable scale factor. 

® Svnchro Booster Amplifier: 
torque drive output. 

@ Digital-to-Displav: decimal data 
display. 

® Control Differential: summation 
of two angles. 

@ Computer Interface: RS232, 
Stanag 4156, Mil-Std-1553 etc. 
® Microprocessor: data processing. 
Alarm and BITE: alarm output. 

Discrete-to- Digital: discrete 
input interface. 

The use of solid-state technology 
and the adaptation of stand alone 
module functions has allowed DDC 
to develop a solid-state retransmis- 
sion system which has alleviated the 
problems and disadvantages of the 
electro-mechanical system. The 
advanced systems approach pro- 
vides flexibility for expansion and 
change, availability in case of failure, 
ease of maintainability to reduce 
training and commonality for reduced 
logistics and spares. O 
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DESCRIPTION 


The Model 6489 SINS/GPS Interface 
Retransmission Unit (RTV) is designed 
to furnish a real time communications 
link for messages between the NATO 
SINS and NAVSTAR GPS Systems. In 
addition the RTU provides for data 
communication between existing ship’s 
Navigation equipment and the 
SINS/GPS. This solid-state retransmis- 
sion unit is an ideal interface for incor- 
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porating NATO SINS and NAVSTAR 
GPS to existing synchro or digital 
Navigation Systems. Flexibility in the 
design of the RTU allows for ease of 
reprogramming by the use of socket 
mounted PROM and PAL integrated 
circuits. ILC Data Device Corporation 
provides full documentation, field ser- 
vice maintenance, and logistic support 
for the Model 6489. 
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SINS/GPS INTERFACE RETRANSMISSION UNIT 


FEATURES 


PROVIDES COMPLETE REAL 
TIME INTERFACE BETWEEN 
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CONTAINS DIAGNOSTIC COM- 
PUTER AND LED BIT FAULT IN- 
DICATION AT CARD LEVEL 


© EUROCARD FORMAT 


ALL INPUTS AND OUTPUTS GAL- 
VANICALLY ISOLATED 
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FIGURE 1. SHIPBOARD BLOCK DIAGRAM 


D]o[c 


ILC DATA DEVICE 
CORPORATION 


MODEL 6489 


SINS/GPS INTERFACE RETRANSMISSION UNIT 
MODEL 6489 
TECHNICAL INFORMATION 


INTRODUCTION 

The SINS/GPS Interface Retransmission Unit (RTU) consists of 
RTU subassemblies housed in a hinged, removable card cage 
subassembly. The card cage is in a shock mounted vibration, 
EMI, and drip proof welded aluminum cabinet. The SINS/GPS 
Interface RTU is designed to provide a data path and interface 
for the NATO SINS and NAVSTAR GPS and existing ship’s 
navigation equipment. 


INPUTS AND OUTPUTS 

The Interface RTU acts as a real time coupler between the NATO 
SINS and NAVSTAR GPS for the Stanag 4156 A, B, C, and E 
Messages. Additional messages required by the NATO SINS 
and NAVSTAR GPS, such as the A* Message (Secondary 
Attitude) and G Message (Ship’s Velocity) are derived by the 
RTU from the Ship’s Secondary Compass and Ship’s Log. 


The Interface RTU also accepts all messages between the NATO 
SINS and NAVSTAR GPS for the processing into a format 
required by the existing ship navigation equipment. 


Attitude information (Heading, Roll, and Pitch) derived from 
NATO SINS is processed with the Secondary Compass Heading, 
Roll, and Pitch input to provide selected Heading, Roll, and Pitch 
Synchro outputs. 


The Interface RTU also provides a digital output to supply 
Attitude, Position, and Velocity information to the Ship’s Data 
Handling Computer. The Digital output can be configured to 
any format such as RS422, RS232, ICI, etc. 


AUTOMATIC SELECTION 

The Synchro Heading, Roll, and Pitch outputs from the Interface 
RTU are automatically selected by the Interface RTU. Under 
normal conditions the synchro outputs are derived from the 
NATO SINS, but if the NATO SINS were to malfunction the 
outputs would automatically be derived from the Secondary 
Compass. The selection of the NATO SINS or Secondary 
Heading, Roll, and Pitch can also be made through the front 
panel. In this case, the Front Panel control will override the other 
selection processes. The Front Panel selection is basically used 
for maintenance purposes. 


TIME 

The Interface RTU accepts and retransmits to the NATO SINS 
the highly accurate 1 PPS pulse from the NAVSTAR GPS. In 
the event of a GPS malfunction, the RTU generates automat- 
ically the 1 PPS pulse for the NATO SINS. The RTU also 
generates from the GPS 1 PPS pulse a highly accurate time of 
day for distribution to the ship’s navigation equipment. 


DIAGNOSTIC AND SYSTEM ALARMS 

Every P.C. card, with the exception of the display card, contains 
Built-In-Test (BIT). The BIT generates a signal which activates 
a Hardware Alarm light on the front panel and on the P.C. card 
itself. A faulty P.C. card can be easily isolated by this indicator 
light. Each dc power supply voltage is monitored by a window 
comparator circuit which will cause an alarm indicator to light 
if the voltage exceeds its upper or lower tolerance. 


A Diagnostic Computer contained within the RTU monitors the 
system for software problems, such as parity errors or interface 
time outs. The Diagnostic Computer contains a Data Entry 
Keyboard with both a decimal and binary display to facilitate 
software troubleshooting and to allow the display of internal 
data. A software problem activates a Software Alarm Light 
located on the front panel. 


The front panel also contains alarm lights for SINS Alert, SINS 
Alarm, and SINS power. All alarms activate contact closure 
Outputs to permit remote monitoring. 


RELIABILITY AND MAINTAINABILITY 

The system utilizes low power Schottky and CMOS components 
in its design for reduced power consumption and heat dissipa- 
tion. 


Since each P.C. card contains an on-line test circuit with a fault 
indicator and can be removed and replaced with system power 
ON, maintenance of the RTU is extremely simplistic. The 
MTTR is less than 20 minutes. The system also contains a 
Diagnostic Computer, which monitors and displays status and 
software errors. The errors are logged, coded, time tagged, and 
are made available for print-out or display. Special functions 
can be entered through the front panel keyboard, and diagnostic 
programs can be entered in an RS232 format. 


Additional merits of the system include front panel test/control 
switches and a master panel fault indicator for the P.C. cards and 
power supply. A high degree of commonality, to permit inter- 
changeability, improves maintainability of the system. 


MECHANICAL CONFIGURATION ¢ 
The RTU is contained in a rugged, drip-proof aluminum welded 
cabinet, with dimensions of 48" (1220mm) high x 24.5" 
(622mm) deep x 24" (609mm) wide. For additional efficiency, 
the cabinet contains a closed Air Circulation system. 


The RTU is designed to meet MIL-STD-901, Type A, grade A 
Shock and MIL-STD-167-1 Type 1 Vibration requirements. 


FLEXIBILITY 

The building block design concept used in the Model 6489 
allows maximum flexibility for system configuration and recon- 
figuration, according to requirements. New system require- 
ments, necessitated by new equipment or new users, can easily 
be accommodated by adding new field proven, Eurocard format, 
building blocks. Thus, while ship’s systems upgrades will entail 
wholesale changes throughout the ship, the RTU will only re- 
quire a few changed or additional cards. The signal control 
function of the RTU is accomplished using microprocessor 
PROMs and Programmable Array Logic (PAL) cards. This 
firmware implementation of signal control allows system level 
changes in function to be accomplished through simple replace- 
ment of newly programmed PROM’s and PAL’s into sockets. 
Extensive hardware changes are no longer necessary for system 
control modifications. 


MODEL 6489 


(WVHSVIC HD0718 NLY JOVAYALNI SdD/SNIS *% SYHNDIS 


M-9 


ILC DATA DEVICE 
CORPORATION 


D[o[c 


GUVD WW LHOd9 - 6855 T3CGON Ss eaade 
GUVD HINO SdD/SNIS - 88SS T3GON ssne G3a3d$ eee 
QUVD HALLINSNVHUYSAIZO3YH DYNVIS - Z8SS T3GON 
QUVS H344NG/AYOWSW OHOIN - 28SS TSGON apace 
QUVD H3LHSANOO S/O G33dS ANY - 0ZSS T3GON _ Psa ight 
GUVD HALYSANOD G/S G33dS 9692 - 96S T3GON 7300N 
GUVD HALHSANOD O/S G33dS 9691 - 2965 T3GON 
QUVO HSLHSANOD G/S G33dS-1 - 196S T3GON 
GUV9 H3AISOSH/HSAING TWNUALN| - %2SS T3GON (QBHONAS, an 
GHVO NOISHBANOO Z2ezSW/Z2rSU - z6S TSGON xayaNOgSs 
QUVD AVIdSIC HALNdWOD DILSONDVIG - 68S TSCON 
GHVD INdLNO ALSHOSIO @WHVIV - srs T3G0ON 
GUYS SOV4SYSLNI TWLIDIGTWINSS - 28S T3GON aiusNnS 
GUYS 3O0VSUAINI 22ySH - 18S T3GON G33dS 9691 
QUVD HOSSSOOHdOHOIN - 08S T3GON ONIGW3H 
gaadS - ¢snea 
d'y'HSSvdWOO O3S - » SNE Saini 
HALNdWOO ONITIGNVH VLVOS.dIHS - € Sng meatal 
OYHONAS X9€ “ston nd SdD - 2 SNe =P] VLVG S.dlIHS 
pS dyHSNIS - 4 SNS 
HALNdWOO OLLSONDVIG - 0 sna 
0ZSS 
OWHONAS Xe 7300W a Sd 
UVILSAWN 
a 
HOLld G3L0314S a aes 
conse weal 
a = _ | 
H 0ZSS 
ours ibe 
T1I0¥ G31L9031713S 
SNIS 
OLWN 
0ZSS —— 
OUHONAS X8E 7300W hel 
—_ vess 
0ZSS T20GOW 
OUHONAS Xt 7300N a as d'y'H SSvdWOO 93S 


d'd'H SNIS : 
ONIGWSH G31L90419S 

YALNdWOO 26¢S LEvS 

OLLSOND VIG 1300W T300N 
Sers SLNGNI WHV Tv SNIS | auvoga3y | 

T3200W 

SLOAN LIB GYVO | AW1dSIG GYYOSA3» | com ers anes | 
WHV1V Avigsia viva] ooo T3G0W | TE | 
| AV1dSIG AYVNIG | 


TANWd LNOYS l 


a MODEL 6489 


CORPORATION 


INFORMATION RETRANSMISSION SYSTEM, MODEL 6489 


| 
| eo°o| | ®@ | 
ee ee ee : 
we 1G OATA DEVICE CORPORATION : wo 
i) oa iy 
FIGURE 3. EXTERIOR CONTROL PANEL. 
* 339990009000000000060000 © 
| DATA ENTRY OO OOOCO 
fe: 2¢ ? 2 
! wed 


‘ 
f - MAIN SUPPLIES ————, Fame OLATED SUPPLIES- ae Ns 


99900000000 


TOV +r 18V 18¥ SINS) GPSCDAISY «1 PPS ALARM +24V SPARE 
+5¥o -45¥0 FSV OFTEN + HBV 


& Su 
! 


FIGURE 4. INTERIOR CONTROL PANEL. 


ORDERING INFORMATION: 
MODEL 6489 


M-10 


BOG 


ILC DATA DEVICE 
CORPORATION 


DESCRIPTION 


The Model 6514 retransmission unit (RTU) is designed for 
surface ships to provide power boost as well as ratio transforma- 


tions of the ship’s navigation and attitude synchro information. 
The system distributes this data in synchro, resolver, or DC . 
format as required by the applicable loads. This solid state ship- 
board retransmission system is an ideal replacement for systems 


TECHNICAL INFORMATION 
INTRODUCTION 


The Model 6514 Synchro Retransmission Unit (RTU) consists 
of RTU subassemblies housed in a hinged, removable card cage 
subassembly. The card cage is in a shock mounted vibration, 
EMI, and drip proof welded aluminum cabinet. The Model 6514 
receives ship’s motion data (heading, pitch, roll, distance and 
speed) from both the primary and secondary ship's navigational 
equipment (a MK29 Stabilized Gyro Compass and an SRD-331M 
Speed Log) in synchro format, converts it to digital form, then 
reformats the data to accommodate the many speed ratios and 
power levels required by the shipboard loads. Depending on the 
many loads to be driven, the RTU supplies data in a wide variety 
of forms: in identical synchro format, in synchro format with 
modified speed ratio, in resolver format, or in various scale fac- 
tored analog formats. Multiple power levels are supplied, as 
required. Data accuracy is maintained regardless of format. 


INPUTS 


The inputs which the Model 65:-~ accepts are in synchro or 
pulse format. Synchro inputs are from two Gyro Compasses 
(Heading, Roll and Pitch), Log (Waterspeed) and Simulator In- 
puts. Log (Distance) is in pulse/nautical mile format. The modular 
building block approach allows easy adaptability to any required 
inputs. 


MODEL 6514 
RETRANSMISSION UNIT 


FEATURES 


@ AUTOMATIC SELECTION OF PRIMARY 
OR SECONDARY INPUT 


@ RELIABLE SOLID STATE DESIGN 
@ MEETS MIL STANDARDS 


@ LED BIT FAULT INDICATION 
FOR SIMPLE DIAGNOSTICS 
AT CARD LEVEL 


e EURO-CARD FORMAT 


@ FLEXIBILITY THROUGH USE OF FIELD 
PROVEN BUILDING BLOCKS 


@ ALL INPUTS AND OUTPUTS 
GALVANICALLY ISOLATED 


using synchro signal amplifiers or multispeed repeaters that are 
implemented with electromechanical equipment. Flexible in de- 
sign, the retransmission system provides over 100 outputs, with 
the option of easily reprogramming speed ratios via the connector 
wiring of output cards. ILC Data Device Corporation provides 
full documentation, field servicing, maintenance and logistic sup- 
port for the Model 6514. 


OUTPUTS 


The Model 6514 RTU has over 100 outputs. These outputs drive 
the ship's navigation control system, fire control system, anti-roll 
system, radar system, sonar system, plotting table and signal 
repeaters. Outputs include status contacts, distance contacts 
and synchro information for Heading, Roll, Pitch and Speed. 
The power and flexibility of the RTU allows all navigation data 
to be collected and processed in a central location for distribution 
throughout the ship in a consistent, reliable solid state system. 
Each of the more than 100 outputs is galvanically isolated to 
prevent single failures from becoming catastrophic to the entire 
navigation system. 


REMOTE OPERATION 


The RTU has a remote switch panel to allow operation from 
remote sites, such as the bridge. The panel contains two switch/ 
indicator assemblies and six indicators. When operating under 
remote control, selection of operating mode and Primary or Sec- 
ondary compass source is transferred to this panel. During such 
operation, the select switches on the main control panel are 
disabled but the main panel indicators follow those on the remote 
panel. (During main control panel operation, the remote panel 
indicators follow those on the main panel and the remote select 
switches are disabled.) 
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SIMULATION 


A simulation input connector is provided on the front panel. The 
purpose of this input is to permit synchro, validity and distance 
information to be fed into the system for troubleshooting or train- 
ing purposes. The simulation input accepts information in the 
same format as that provided by the Gyro Compass and Log for 
the ship. 


SYSTEM ALARMS 


Every P.C. card contains BIT. The BIT circuit generates a signal 
which activates the alarm lights located on the front face of each 
PC card, just behind the cabinet door. The fault indication is 
transmitted to the front panel for additional system safeguard. 


RELIABILITY AND MAINTAINABILITY 


The all solid state RTU has been designed to meet stringent 
military specifications. The use of forward located fault indicator 
lights tripped by internal BIT, as stated above, makes mainte- 
nance of the RTU extremely simplistic. Faulty PC cards are 
removed and replaced when a fault is indicated. The system 
utilizes low power Schottky and CMOS components in its design 
for reduced power consumption and heat dissipation. 


MODEL 6514 


FLEXIBILITY 


The building block design concept used in the Model 6514 allows 
maximum flexibility for system configuration and reconfiguration, 
according to requirements. New system requirements, necessi- 
tated by new equipment or new users, can easily be accommo- 
dated by adding new field proven, Eurocard format building 
blocks. Thus, while ship’s systems upgrades will entail wholesale 
changes throughout the ship, the RTU will only require a few 
changed cards. The signal control function of the RTU is ac- 
complished using Programmable Array Logic (PAL) cards. This 
software implementation of signal control allows system level 
changes in function to be accomplished through simple replace- 
ment of newly programmed PAL’s into sockets. Extensive 
hardware changes are no longer necessary for system control 
modifications. 


MECHANICAL CONFIGURATION 


The RTU is contained in a rugged, drip-proof aluminum welded 
cabinet with dimensions of 78” (2.0m) high x 22” (0.56m) deep 
x 24” (0.61m) wide. For additional efficiency, the cabinet contains 
a closed Air Circulation system. The RTU is designed to meet 
MIL-STD-901, type A, grade A shock and MIL-STD-167-1, type 
1 vibration requirements. 
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MODEL 6480 
SOLID STATE 


INFORMATION RETRANSMISSION SYSTEM 


DESCRIPTION 


The Model 6480 Information Retransmission System (IRS) 
is a microprocessor based information management sys- 
tem. It features active redundancy of critical channels and 


provides Primary, Secondary and In Port Keep Alive Power. 
Model 6480 is a smart interface cabinet which processes 
and formats synchro, frequency and digital information. It 
integrates the ship’s compasses, depth transducers, fire 


FEATURES 


@ RELIABLE SOLID STATE DESIGN 


@ MICROPROCESSOR BASED 


e MEETS MIL STANDARDS 


@ CONTAINS DIAGNOSTIC COMPUTER 
& COMPLETE BITE 


@ ACTIVE REDUNDANCY OF CRITICAL DATA 


e EURO-CARD FORMAT 


control computer, auto-pilot computer and platform com- 
puter (Figure 1). In addition, it supplies digital and synchro 
information for various displays. One of the unique features 
of the Model 6480 IRS is its flexibility to have its output data 
format changed by a simple replacement of a P.C. board. 
ILC Data Device Corporation provides full documentation, 
field servicing, maintenance and logistic support for the 
Model 6480. The P.C. cards contained in the IRS have been 
assigned NATO stock numbers. 


TECHNICAL INFORMATION 
INTRODUCTION 


The Model 6480 Information Retransmission System (IRS) 
consists of five drawers and one panel enclosed in a welded 
aluminum cabinet. Of the five drawers, four drawers con- 
tain 74 printed circuit cards (Euro-Card format) and one 
drawer contains four power supplies which consist of Pri- 
mary/Secondary Main Power and Primary/Secondary Keep 
Alive Power. The four signal processing/information man- 
agement drawers can basically be classified into the follow- 
ing categories: Synchro-to-Digital, Digital-to-Synchro, Fre- 
quency-to-Digital/Parallel-to-Serial and Computer Inter- 
face. 


INPUTS 


The inputs which the Model 6480 accepts are in synchro, 
frequency and digital formats. Synchro inputs are from the 
Sperry Mark 29 Compass (Heading, Roll and Pitch), Sagem 
CGM-4 Compass (Heading), Kollmorgen Periscope (Roll, 
Pitch), Pendulum (Pitch) and E-M Log (Speed). Frequency 
inputs consist of Propeller Axis Revolutions and Depth 
Transducer data. Parallel Digital inputs include Echo Soun- 


der (Depth Under Keel) and Status (Sperry and Sagem com- 
passes). 


INPUTS AND OUTPUTS 


The digital communication between the Model 6480 and 
the shipboard computers is conducted in a serial bus for- 
mat. Present design includes 3 specified formats of 1MHz 
ICl, RS422 and RS232. Additional formats such as Stanag 
4156, 1553, etc. can easily be implemented by the exchange 
of one P.C. card. The serial interface is conducted with the 
following shipboard control units: GIPSY Computer 
(Weapons Control), Auto-Pilot Computer (Navigation), Plat- 
form Computer (Submarine Controls and Pumps), Mark 29 
Computer (Vertical Acceleration and Satellite Navigation 
Information) and Portable Bridge Control Unit (Manual 
Piloting). 


OUTPUTS 


The outputs from the Model 6480 are used for displays and 
repeaters. Outputs include the Numerical Indicator (precision 
time, date and processed information) and synchro 
information for Heading, Speed, Pitch and Depth Repeaters. 
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SYSTEM CONVERSIONS AND FUNCTIONS 


= Generates Master Time and Date for Ship 
@ GMT, Local, Delta 
e Accurate to greater than 1 ppm 


= Converts Depth Transducer Frequency to a filtered 
depth (in meters) and depth rate: 
@ Accuracy 3cm, resolution 1.5cm 
® Translated for keel depth 
® Compensated for Roll and Pitch 
@ Filtered using vertical acceleration from Mark 29 


= Converts Propeller RPM to Speed in Knots 
e Generates speed depending on depth 
and snorkel position 
® Four speed curves 


= Generates rates for critical information 
@ Heading, Depth, Pitch, Speed 


MODEL 6480 


@ Converts: 
@ Synchro-to-Digital 
@ Digital-to-Synchro (any speed) 
®@ Digital-to-Analog 
@ Binary-to-BCD 
@ BCD-to-Binary 
@ Parallel-to-Serial 
= Generates special Computer Interfaces: 
e ICI: 1MHz serial data bus for Mark 29 
and GIPSY Computers 
® RS422: Differential, 19.2K Baud ASCII format for 
auto-pilot/platform computers, numerical indicator 
and portable bridge displays 
@ RS232: Diagnostic Interface, 19.2K or 300 Baud 
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SECONDARY 
ROLL & PITCH 


1-SPEED SYNCHRO 


_ PENDULUM _ _ 1-SPEED SYNCHRO 


AUXILIARY 
PITCH 


wg ee MNOS ee. 1-SPEED SYNCHRO 


PRIMARY 
SPEED 


INFORMATION 
RETRANSMISSION 
__PROPELLERR.P.M_ 0-12 KHz CABINET 
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DEPTH TRANSDUCER 1 


PRIMARY 
DEPTH 


36 KHz-40 KHz 


DEPTH TRANSDUCER 2 


SECONDARY 
DEPTH 


36 KHz-40 KHz 


ECHO SOUNDER UNIT 


DEPTH UNDER 
KEEL 


4 BCD WORDS 


COMPASS 1&2STATUS 


EXTERNAL EQUIP 
STATUS 


SWITCH CLOSURES 


RS 232 
DIAGNOSTIC OUTPUT 


IcI GIPSY COMPUTER 


1 MHz SERIAL FORMAT ~FIRECONTROL 


DATAHANDLING 


RS 422 
RS 422 AUTO PILOT COMPUTER 


RS 422 PLATFORM COMPUTER 
SENSOR WEAPON 
& CONTROL 
cl MARK 29 COMPUTER 


VERTICAL ACCELERATION 
SATELLITE NAVIGATION 


RS 422 PORTABLE BRIDGE 
CONTROL UNIT 


NUMERICAL 
RS 422 INDICATORS 


(20 INDICATORS) 


1 MHz SERIAL FORMAT 


CONTACT CLOSURES 
ALARMS & FLAGS 


HEADING 


~ "SYNCHRO. 
REPEATERS 


SPEED 


—_——-— —_— oi 


SYNCHRO & 
ANALOG REPEATERS 


SYNCHRO. 
REPEATERS 


SYNCHRO. 
REPEATERS 


FIGURE 1. IRS BLOCK DIAGRAM 
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MODEL 6480 (IRS) 


DIAGNOSTIC COMPUTER 
AND DISPLAY 


FRONT PANEL SELECT 
2 SPEED S/D 
PARALLEL/SERIAL 


MK 29 COMPASS 
PRIMARY 


FRONT PANEL SELECT 


he / RS 422 
es np/ INTERFACE 
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SELECTED 
ICI HEADING 
up/ INTERFACE 


WEAPONS CONTROL 
COMPUTER 
PRI & SEC 
HEADING 
AUTO PILOT 
HEAD RATE COMPUTER 


i RS 422 SELECTED PLATFORM 
up/ INTERFACE HEADING COMPUTER 


1 SPEED S/D 
SECONDARY PARALLEL/SERIAL 
SELECTED 
4 / RS 422 HEADING PORTABLE BRIDGE 
quand i. INTERFACE CONTROL UNIT 
ried 
RS 422 HEADI NUMERICAL 
ma oS 
ISOLATION 
MK 29STATUS MK 29 & SAGEM STATUS 
S/D’s, HEADING REPEATERS 
MULTIPLIER 
DATA ScLeer 
TTUCMOS 
CONVERSION 
S/D’s, HEADING REPEATERS 
MULTIPLIER 
FIGURE 2. FUNCTIONAL DIAGRAM HEADING CHANNEL 
CRITICAL CHANNELS or secondary Heading based on the Heading Rate andthe 


The critical channels are active redundant with automatic 
selection. They include Heading, Roll, Pitch, Depth, Speed 
and Time. Figure 2is a simplified functional diagram of the 
redundant Heading channel. The actual number of the In- 
ternal Serial Bus (ISB) is 17. Each bus is capable of transmit- 
ting up to 31 32-bit words (Figure 3). Both the Primary and 
the Secondary analog inputs are converted into a digital 
format and distributed by the Primary and Secondary ISB. 
Each output interface card receives both the primary and 
secondary inputs. A simplified explanation of the selection 
of Primary or Secondary Heading is as follows: 


A. The Auto-Pilot Computer will normally select the primary 


Primary and Secondary Heading input it receives. The 
selected heading will then be distributed to all other 
channels which require heading data. 


_ In the event that the internal Validity bit in the serial word 


(Figure 3) has been activated due to a “fault”, the wP/ 
RS422 interface section of the IRS will select the proper 
Heading channel. 


. The selection of the Primary or Secondary Heading can 


also be made through the front panel. In this case, the 
Front Panel control will override the other selection pro- 
cesses. The Front Panel selection is basically used for 
maintenance purposes which will force a particular 
heading (in the test position) onto all the channels. 


NOT USED 


—_~. 
FREI 


TEST 


WORD ADDRESS 
————e 


NOT USED 


17 


OWN SELECT 
PARITY 
STATUS 
VALIDITY 


OTHER SELECT 


DATA FIELD 


FIGURE 3. DATA WORD FORMAT 
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DIAGNOSTIC AND SYSTEM ALARMS 


Every P.C. card, with the exception of the display cards, con- 
tains BITE. The BITE generates a signal which activates the 
alarm lights located on the D/S drawer (Figure 4). These lights 
indicate faults in the PRI (Primary), BU (Back-up Secondary), IL 
(Non-redundant Channel), SW (Software) and TEMP. The fault 
indication is transmitted to the control room panel for 
additional system safeguard. The faults which occur in the 
Primary, Secondary or Non-redundant Channel can be fault- 
isolated through the indicator lights located on every drawer. 
Once the proper drawer is pulled out, the problem P.C. card 
can be located readily by the indicator light located on the 
individual P.C. card. Software problems can be fault-isolated 
through the Diagnostic Computer. The Data Entry keyboard 
located on the Diagnostic Computer and Display drawer 
facilitates software troubleshooting. 


RELIABILITY AND MAINTAINABILITY 


The all solid state IRS has been designed to meet stringent 
military specifications and has a calculated MTBF of 2500 
hours. However, because of the active redundant automatic 
selection system built into the IRS, the mean time between 
non-operation of the IRS is at least an order of magnitude 
higher than the MTBF. The system utilizes low power 


MODEL 6480 


Schottky and CMOS components in its design for reduced 
power consumption and heat dissipation. 


Since each P.C. card contains an on-line test circuit and a 
fault indicator, the MTTR is only 20 minutes. The system 
also contains a Diagnostic Computer, which monitors and 
displays status and software errors. The errors are logged, 
coded, time tagged and are made available for print-out or 
display. Special functions can be entered through the front 
panel keyboard, and diagnostic programs can be entered in 
an RS232 format. 


Additional merits of the system include front panel test/ 
control switches and front panel fault indicators for each 
P.C. card, power supply and major functional groupings 
(Primary, Secondary, Non-redundant Channels and Soft- 
ware). A high degree of commonality, to permit inter- 
changeability, improves maintainability of the system. 


MECHANICAL CONFIGURATION 


The IRS is contained in a rugged, drip-proof aluminum 
welded cabinet, with dimensions of 67” (1.7m) high x 21.6” 
(0.55m) deep x 21.6” (0.55m) wide. For additional efficiency, 
the cabinet contains a closed Air Circulation system. It is de- 
signed to meet 20g/100ms shock and MIL-I-983 vibration re- 
quirements. 


SYSTEM 
ALARM LIGHTS 


FAULT LIGHTS 


TEMP ALARM LIGHT 


FIGURE 4. D/S DRAWER 
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SOLID STATE SYNCHRO RETRANSMISSION SYSTEM (SRS) 
(SYNCHRO SIGNAL AMPLIFIER) 


|LC Data Device Corporation’s Model 6322, designed and developed 
for the Royal Netherlands Navy (RNLN), is now in production. 
The RNLN’s ‘’S” Class Frigate will utilize these systems to con- 
solidate all prime synchro data transformations and distribution. 
Chosen primarily as the most cost effective solution for the 
RNLN’s requirements, the all-solid state version also provides 
bonus features of greatly reduced volume and maintenance 
requirements as well as increased reliability, system dependability 
and unprecedented flexibility. 


As shown in the overall functional block diagram, the solid-state 
retransmission system provides power boost as well as speed 
ratio transformations of ship’s navigation and attitude synchro 
information. The system then distributes these data in either 
synchro, DC or AC format to all other ship’s systems requiring 
these data. These functions had been provided traditionally by 
bulky and expensive electromechanical servo systems or on a 
distributed channel-by-channel basis as required. This shipboard 
data handling system is directly applicable to the U.S. Navy 
submarine and surface ship requirement for synchro signal ampli- 
fiers or multispeed Repeaters which are currently implemented 
with electromechanical systems. The Synchro Retransmission 
System (SRS) actually goes beyond basic synchro signal amplifier 
capabilities by providing the option of retransmitting the data in 
any speed ratio on a channel-by-channel basis. 


As presently implemented for the RNLN, the SRS accepts the 
standard 90V L-L, 400 Hz synchro inputs consisting of single and 
dual-speed information (1X, 1X/36X and 2X/36X). These data 
are converted to high resolution digital data for distribution to the 
various output channel converters. Thereafter, on a channel-by- 
channel basis, the data may be used to generate single-speed synchro 
or resolver outputs or any multispeed ratio output or AC or DC 
linear outputs. The RNLN SRS provides synchro ratios ranging 
from non-integral (e.g., .3X, .36X, .9X, 3.6X) to any integral 
ratio (e.g., 8X, 11X, 16X, 32X, 360X). In addition, the outputs 
can be 50, 60 or 400 Hz. AC and DC outputs are also field 
programmable to provide various scale factors. 


MODEL 6322 A final example of the SRS’s flexibility is the capability to pro- 
vide synchro outputs which are simply power amplified reproduc- 
tions of the analog synchro inputs (buffered outputs). 


@® AUL SOLID-STATE. wc v eo & Baw Totally replaces existing electromechanical systems and occupies 
approximately one-third original volume. 

© PLEXIELE. « oon e w.cce hee oS 6H eA Digital implementation and modular partioning provide ready adaptability 
to future requirements. Computer interface easily obtained. 

® COST EFFECTIVE ....cxu« uu ar Lower in initial cost and requires no periodic maintenance for mechanical 
wear and tear. 

® MODULAR «4.34.24 48 84h 0-0 os Only 14 unique printed circuit card assemblies provide all circuit functions. 
Channel partioning provides quick fault isolation and minimizes down-time. 

® BUILT-IN TES! .s:.4 8.44% e258 B.1.T.E. indicators and alarms on a channel-by-channel basis as well as 


overall system B.I.T.E. 
@e FULLY PROTECTED OUTPUTS... Short-circuit-proof and overload protected. 
@ HIGH RELIABILITY........... State-of-the-art thick film hybrid converters. 


@® DIGITAL IMPLEMENTATION .... Enables computer interfacing (serial or parallel) with minor changes to 
existing design. 

@ ADVANCED CABINET DESIGN ... Features closed air circulation cooling. 

© PXPANDADLE 444460 64 e eee as In addition to being field programmable on a channel-by-channel basis, the 
system features expansion capability to a total of 89 output channels. Power 
supply capability for a totally expanded system is built-in. 
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MODEL 6322 


(4) 


OVERALL FUNCTIONAL BLOCK DIAGRAM 
SRS AND SHIP INTERFACES 


SHIPS 
COMPASS 
#2 


SHIPS 
COMPASS 
=1 


SHIPS 
LOG AND SPEED 
SYSTEMS 


EMERGENCY 
400H2z REF. TO 
COMPASSES AND SEL. 


SPEED DATA DATA PITCH REPEATERS 
(1X ) VALIDS VALID (2X, 36X) 
LOG 
SOLID-STATE [ HD'G ROLL 
SYNCHRO SOAPTATION (1X. 36X) (2X, 36X) HDS ae REMOTE INPUT 
RETRANSMISSION (1X) SELECTION 
SYSTEM (SRS) a | 
| 
B.1.T.E. ALARMS 
voy B.I.T.E. POWER PRIME 
DISPLAYS | FRONT PANEL CONTROL, SUPPLY POWER 
AND B.1.T.E. | SWITCHING, AND INDICATORS SUBSYSTEM 115V/45 TO 440H2 
CIRCUITS | 36 
“INFORMATION VALID” 
DISCRETE SIGNALS ! ame ee 
(1) 115V/60Hz 
oe ND APDAGION PITCH ROLL HEADING 
M 
SUBSYSTEM SUBSYSTEM SUBSYSTEM SUBSYSTE 


ROLL OUTPUTS 


SPEED OUTPUTS PITCH OUTPUTS 


2X CONVERTER, SYNCHRO 
4X CONVERTER, SYNCHRO 


(3) 
(6) 


0.30X CONVERTER, SYNCHRO (Same as Roll 


(1) 


HEADING OUTPUTS 


1X CONVERTER, NON.-VAR. 
RESOLVER 


(2) 0.36X CONVERTER, SYNCHRO except for AC output) (9) 1X CONVERTERS, SYNCHRO 
(1) 36X CONVERTER, SYNCHRO 
(2) 0O.9X CONVERTER, SYNCHRO LOG ADAPTATION OUTPUTS (1) AC LINEAR 1V/ (9) 1X BUFFERED, SYNCHRO 
(1) 3.6X CONVERTER. SYNCHRO a (1) 8X CONVERTER, SYNCHRO 
(4) 1X BUFFERED, SYNCHRO (1) OC LINEAR 12V/45 (1) 11X CONVERTER. SYNCHRO 
(2) DC LINEAR (1) 0.9X CONVERTER, SYNCHRO ae Ria ane (1) 16X CONVERTER, SYNCHRO 
(3) AC LINEAR (3) DOC LINEAR (1) 32X CONVERTER. SYNCHRO 
(1) 36X CONVERTER. SYNCHRO 
(3) 36X BUFFERED, SYNCHRO 
(1) 360X CONVERTER, SYNCHRO 
OUTPUT CHANNEL DISTRIBUTION — 75 PRESENTLY DEDICATED, 14 SPARES 
LOG ADAPTATION PITCH HD'G PITCH HD’'G PITCH HD’'G ROLL PITCH HD'G PITCH HD'G PITCH HD'G 
ROLL ROLL ROLL SPEED ROLL SPEED ROLL 
SENSOR REMOTE PLOTTING ANTI-ROLL WEAPONS 
SYSTEM DISPLAYS TABLES SONAR SYSTEM CONTROL BAe AUTOPILOT 
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MODEL 6438BR 


SEVEN CHANNEL, HI-POWER, 
DIGITAL/SYNCHRO DRIVE SYSTEM 


DESCRIPTION 


FEATURES 


@ SELF CONTAINED 


@90V L-L OUTPUT AT 30VA PER CHANNEL 


@ BUILT-IN-TEST CIRCUITS MONITOR 
TEMPERATURE AND CURRENT 


@ COMPLETELY COMPUTER CONTROLLED 


e@ AUTOMATIC OVERLOAD PROTECTION WITH 
BATTLESHORT EMERGENCY OVERRIDE 


The Model 6438BR is a high power, multi-channel Digital to Built-In- Test (BIT) circuits in the Model 6438BR include overcur- 
Synchro converter and drive system. Completely self contained, | rent and overtemperature monitoring. Battleshort override of an 
the Model 6438BR accepts 12 bit differential TTL digital signals 
and sequentially converts the digital angles to seven channels 
of 3 wire, 90V L-L synchro output capable of driving torque 
receiver loads. 


overtemperature condition is selectable with a digital input from 
the host computer. 


The Model 6438BR is constructed with Hi-Rel, military approved 
parts. The D/S drive systems are currently used to drive 7 torque 


The Model 6438BR is operated completely by computer control; paceivers in 5” naval guns. 


only the power supply indicator lights are mounted on the front 


panel. 


TECHNICAL INFORMATION 


INTRODUCTION 


The Model 6438BR consists of one, self-contained 20.25 x 23.21 
x 13 inch open frame chassis. Designed to be rack mounted, 
the front panel of the chassis is drip proof and EMI gasketed. 
Housed within the chassis is a card frame containing 10 circuit 
cards, seven synchro transformer pairs, seven synchro power 
buffer assemblies, a 2 pole circuit breaker, a 5V power supply, 
a +15V pulsating power supply and two cooling fans. 


The Model 6438BR accepts a twelve bit differential TTL input 
data and sequentially decodes the input to seven channels of 
high power synchro signals that correspond to the digital input 
angle. Overtemperature and overcurrent monitoring of the digital 
to synchro circuits are provided as well as a 45° ‘kick’ circuit to 
restart stalled loads on each channel. 


Each synchro channel is monitored by a fault monitor card and 
if a fault is detected, the host system is informed. If the fault 
lasts longer than one second, kick pulses are generated to free 
the stalled load. Eventually, if the load is not freed, an overtemp- 
erature condition will occur and the D/S channel will shut down. 
The host system may override an overtemperature shutdown 
condition with a battleshort command. 


All connections to the Model 6438BR (with the exception of 
chassis ground) are made through four multipin connectors 
mounted to the rear panel of the chassis. The connectors isolate 
the AC input, digital input, fault indications and synchro outputs 
from each other. 


INPUTS 


The Model 6438BR accepts twelve bit differential TTL data from 
the host computer in positive logic form. The differential data is 
converted to single-ended TTL by line receivers located on the 
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two Sequencer cards in the card frame. Data bits 1, 2 and 4 
through 12 are routed to all seven D/S converter channels. Bit 
3 is routed through the Fault Monitor Card to all D/S converters. 
An externally generated strobe is applied to a line receiver on 
one Sequencer card to sequence the D/S converter channels. 
The external strobe will cause the addressed Digital to Synchro 
converter channel to latch the digital data presented on the inter- 
nal data bus. 


DIGITAL OUTPUTS 


The Model 6438BR produces seven differential TTL fault 
monitoring outputs. Each Digital to Synchro converter channel 
senses overtemperature and overcurrent conditions and will 


SEQUENCER 


DATA BITS 1-10 
SEQUENCER 
DATA 
BITS 11-12 


BATTLESHORT (7) 


ENABLE 
STROBES (7) 


& et SE 
UV, OISABLES 


( 


/ 


115VAC 
REFERENCE 


DIFFERENTIAL 
FAULT LINE 
(CH 1-CH 7) 


ENABLE 


BATTLESHORT 


REFERENCE 


DIGITAL DATA 


FAULT 
| 
FAULT BIT 3 


GHARNEL CTV 


MODEL 6438BR 


send the specific fault signal to the host system. An overtemper- 
ature condition will cause the D/S channel to shut down, the 
system may then override the overtemperature condition by is- 
suing a battleshort signal to the Model 6438BR. The Model 
6438BR will issue a fault indication for an overcurrent condition, 
but overcurrent will not cause the D/S channel to shut down. 


SYNCHRO OUTPUTS 


Each synchro channel consists of a Digital to Synchro converter, 
a high power buffer and a Synchro to Synchro output transformer. 
The 115VAC 60Hz input reference signal is fed to a low scale 
factor variation Digital to Resolver converter where the digital 
input is converted to +S (sine) and +C (cosine) resolver signals. 
A triple preamplifier and electronic Scott-T circuit reconfigure 


7) FORMER (TYP) a 


OUTPUT 
DIGITAUSYNCHRO (ONE OF 
CONVERTER 11.8VL-L SEVEN) 90V L-L 
(TYPICAL—-ONE OF SEVEN) | SYNCHRO SYNCHRO 
OUTPUT OUTPUT 


BIT 3 


FAULT MONITOR 


FIGURE 1. SIMPLIFIED BLOCK DIAGRAM 
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MODEL 6438BR 


+15V —15V 


REF INPUTS _- REF CONDITIONER | 
RH | 

115V, 60Hz | 
RL 


D/R +S TR ea 9OVL-L 
CONVERTER SYNCHRO 
S11, ) S3 
POWER 11.8V L-L 
BIT 1 BUFFER |SYNCHRO 
DIGITAL INPUT ELECTRONIC 
STORAGE +C SCOTT-T AND 
BIT 12 REGISTER TRIPLE 
U2, U3 PREAMP 
STROBE py pt 
ENABLE 
ENABLE 
ENABLE 
| CIRCUITS 
DISABLE 


OVERCURRENT 
SENSE 


FAULT 
INDICATOR 


FIGURE 2. DIGITAL/SYNCHRO CONVERTER CHANNEL 


the resolver output to a dual ended synchro output corresponding 
to the digital angle and passes the output to the High Power 
Buffers (see Figure 2). Each High Power Buffer delivers a three 
wire 11.8V L-L synchro output to a chassis mounted step-up 
transformer where it is converted to a 3 wire, 9OV L-L synchro 
output suitable for driving torque receiver loads (at 30VA per 
channel). 


KICK CIRCUIT 


Each D/S converter channel includes circuitry for monitoring the 
current delivered to the load. A stalled synchro load will cause 
an overcurrent condition in the affected channel. That channel 


will then send a fault signal to the Fault Monitor card. The Fault 
Monitor card will send a fault signal to the host system. After a 
one second delay, the Fault Monitor card will enable a kick circuit 
based on bit 3. The kick circuit will deliver a string of 45° pulses 
to free the stalled load. The fault monitor card automatically 
resets when the load is cleared. 


POWER SUPPLIES 


The 115VAC input voltage is applied to a +5 Volt power supply 
module and a +15 Volt supply through a two pole circuit breaker. 
The 115VAC input is also applied to each D/S converter channel 
as the reference source. 


M-21 


QOS MODEL 6438BR 


iLcC DATA DEVICE 
CORPORATION 


MECHANICAL OUTLINE 
Dimensions in inches (millimeters). 


16.00 
~ ~ (406) 


I a 


23.21 MAX 
(590) 


haan 
_ 20.25 
(514) 


ORDERING INFORMATION: 
MODEL 6438BR 
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DDC-6498/5521 


DESCRIPTION 


The DDC-6498 is a 39 channel switch- 
board synchro panel with removable 
4 digit panel meter (DDC-5521). It 
is packaged in a 9.96 x 3.96 x 9.875 
inch aluminum chassis and conforms 
to MIL-STD-1657 switchboard speci- 


39 CHANNEL SWITCHBOARD SYNCHRO 


The DDC-6498 
signals of 115V 
400Hz and corresponding 


signals of 90 V rms L-L. 


The DDC-5521 provides resolution of 
0.1° with an accuracy of 0.2°. Using 


accepts reference 
rms at 6Q0Hz or 
synchro 


PANEL METER 


FEATURES 


US NAVY SWITCHBOARD 
COMPATIBLE (MIL-STD-1657 
PACKAGING) 


39 SELECTABLE SYNCHRO AND 
AEFERENCE INPOTS 


fications. a type II servo loop for continuous @ REMOVABLE METER: STAND- 
Two front mounted rotary switches tracking, the DDC-5521 has no veloc- ALONE UNIT, POWERED BY 
provide selection and display of any ity lagup to +180°/sec. REFERENCE (DDC-5521) 

one of 39 separate synchro and 

reference inputs. An External Test 

switch position is provided (Figure 1) @ RESOLUTION: 0.71° 

for application of user supplied test APPLICATIONS ACCURACY: 0.2° 

input signals via a separate connector. The DDC-6498 allows for monitoring 

The removable panel meter (DDC- of multi-channel synchro inputs at a 

5521) is designed to be reference single location for test and alignment, | ® OPERATES AT 60 Hz AND 400 Hz 
powered, which eliminates the need system verification checks and trouble 

for a separate power source. It can shooting as applied to U.S. Navy - ” 
be removed from the panel and used aoe procedures. The re-| ® SEPARATE “EXTERNAL TEST 
as a portable synchro measuring movable panel meter adds further SWITCH POSITION AND 
instrument. flexibility to the DDC-6498. CONNECTOR 


HIGH 
SYNCHRO ACCURACY 
INPUTS CONVERTER 
AVAILABLE 
CHANNELS 
AND EXTERNAL 
TEST 
INPUT 
REFERENCE 
SIGNAL 
INPUTS 
(RH, RL) 
NOTE: 


Channels 1-39 are wired to rear connectors A & B. 
External Test Input is wired to rear connector C. 


DDC-6498 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM 
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DISPLAY 4 digits 
7 Segment 0.43'’ LED 


REFERENCE INPUT 
Voltage level 


TECHNICAL INFORMATION 


Signal and reference inputs are selected simuitaneously via 
the front panel switches. Switch S1 selects inputs ‘‘off”’ 
and 1 through 22 (from rear connector A) and “‘transfer’’, 
which allows switch S2 to select inputs 23 through 39 
(from rear connector B) and “external test’’ (from rear 
connector C). 


115 V rms, +10% 


Frequency 54 to 440 Hz 
Input Impedance 
Single Ended 148 kQ min 


Differential 296 kQ min 


SIGNAL INPUT 


REMOTE CABLE 


Input Type Synchro Figure 2 illustrates the connection scheme for the remote 
Voltage (line to Line) | 90 V rms +10% signal and reference input cable supplied for use with the 
Frequency Same as reference DDC-5521, when removed from the switchboard panel. 


+10° max relative to reference 

148 kQ min (resistive balanced, 
transformer isolated) 

500 V min to ground 


Allowed Phase Shift 
Input Impedance 


Breakdown Voltage 


DYNAMIC CHARACTERISTICS 
Tracking Rate 180° /sec min 
Settling Time for 179° 

Step (to +0.2°) 


IDENTIFIED WITH WIRE MARKER 


/ APPROX. 2 naa 
R14 lA 


3 sec 


> 


TEMPERATURE RANGE ; ; as ‘ 
Operating 0 Cto +70 C : = 
Storage -65 Cto +125 C S1 51 p2 

POWER INPUT S2—- : 

GND 


PHYSICAL CHARACTERISTICS 


Sj ALLIGATOR CLIPS (MUELLER #60CS) 
ze 


WITH BOOTS (MUELLER #62) MRE-7S-G (CONN) 
DDC-6498 (Including $1-2-3 BLACK MRE-7H (HOOD) 
DDC-5521) 9.96 x 3.96 x 9.875 inch R1-2 RED 


(253 x 101 x 251 mm) GNO NON INSULATED 


2.81 x 3.90 x 7.59 inch 
(71 x 99 x 193 mm) 


DDC-5521 (Stand- 
alone meter) 


FIGURE 2. DDC-5521 REMOTE CABLE DIAGRAM 


DDC-6498 WIRING LIST 


SWITCH SWITCH SWITCH SWITCH SWITCH SWITCH 
POSITION DECK 1 DECK 2 DECK 3 DECK 4 DECK 5 
(RH) (RL) ($1) (S2) (S3) 


METER CONNECTOR P1 
OFF 
REAR CONNECTOR A 


REAR CONNECTOR A 
REAR CONNECTOR B 
REAR CONNECTOR B 
REAR CONNECTOR B 
TRANSFER POSITION 


*Internal connection not a switch position 
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DDC-6498 WIRING LIST (CONT.) 


SWITCH SWITCH SWITCH SWITCH SWITCH SWITCH 
POSITION DECK 1 DECK 2 DECK 3 DECK 4 DECK 5 


TRANSFER POSITION 
REAR CONNECTOR B 


REAR CONNECTOR B 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
REAR CONNECTOR C 


*Internal connection not a switch position 


MECHANICAL OUTLINE (DDC-6498) 


HO00 0A 
28 
re (7.1) 4-40 TAPPED HOLE VIEW A-A ‘ 3.88 
Pl (6 PLACES) (99) 
(Fo ie D 


| DDC MODEL 6498 


SING = 52) baa 


eee 
SYNCHRO ANGLE INDICATOR 
= = =5 ,-5 


ae ee a 
bat 


MS3404D 14S-5P 


—— —s wiTcH 
MIL-S-3786/36-0229 
_-(53M15-05-1-24N-C) 


MS17778-2N 
(MRS-01-04-P00 BNOO) 


9.875 
(251) 


+.006 ’ 
.312-.002 DIA (TYP) 
+.15 
_ iM 


NOTES: 
1. Mating connectors are not supplied. 
2. Front panel plastic identification plate is not supplied. 
3. All wiring is AWG22. 
4. Dimensions are in inches (millimeters) 
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MECHANICAL OUTLINE (5521) 


DEGREES 


jojo} 
"C OATA DEW! 


MODEL 5521 


ce CORP 


906 2.031 
(23) (52) 
3.531 +.015 


GUIDE PIN 
CODE IDENT. 19645 P/N-C28769 


BUSHING SHUR-LOK 
P/N SL3404-2 


bas VIEW A-A CONNECTOR WINCHESTER 
(14) P/N #MRE 7P-G 
MATING CONNECTOR 
WINCHESTER P/N #MRE 7S-G 


NOTE: Dimensions are in inches (millimeters). 


TERMINATION LIST 
CONNECTOR PIN DESIGNATION 


_76-32 TAPPED HOLE 
(4 PLACES) 


2.438 1.750 
(62) (44) 


344 = ¢ 


MOUNTING CUTOUT 


ORDERING INFORMATION 
ORDER: 


DDC-6498 (Switchboard panel and meter) 


DDC-5521 (Synchro meter only) 
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S-SERIES 
BUILDING-BLOCK PC. CARDS For 


synchro Retransmission System (SRS) 
Information Retransmission System (IRS) 
And Custom Systems Requirements 


DESCRIPTION 


The DDC S-Series P.C. cards are use- 
able for the DDC Model 6322 Syn- 
chro Retransmission System (SRS) 
and DDC Model 6480 Information 
Retransmission System (IRS). In ad- 


dition, since the P.C. cards have been 
designed as functional segments, a 
building-block concept can be uti- 
lized to create a new system based 
on special customer requirements.A 
variety of functions which are avail- 


PART NUMBER DESCRIPTION SIZE (EURO-CARD) 


1x/Coarse Speed S/D Converter Card 
36x/Fine Speed S/D Converter Card 
Low/Medium Power D/S Card 
Low/Medium Power Synchro Buffer Card 
High Power Synchro Buffer Card 
Digital-To-DC Multiplying Converter Card 
Digital-To-AC Multiplying Converter Card 
Turn-On Sequence Control Card 
Microprocessor Card 

RS422 Interface Card 

ICl Interface Card 

Propeller Axis Interface Input Card 
Frequency-To-Digital Converter Card 
Clock Generator Card 

Parallel-To-Serial Converter Card 
Decimal/Hexadecimal Display Card 
Parallel Input Isolation Card 


able (Figure 1) range from synchro- 
to-digital (S/D) converters for pitch, 
roll and heading calculations to in- 
terface cards for communication 
with shipboard equipment, such as 
Auto-Pilot Computer, Weapons Con- 
trol Computer and Portable Bridge 
Control Units. All S-Series P.C. cards 
are in either single or double Euro- 
card format. 


FEATURES 


@ EURO-CARD FORMAT 
@ PROVEN DESIGN 


@ INCLUDES ON-LINE BITE 


@ /NCLUDES FAULT LIGHT 


@ MEETS MILITARY STANDARDS 


APPLICATION 


Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Double 
Double 
Double 
Single 
Single 
Single 
Double 
Double 
Double 


FIGURE 1. TABLE OF BUILDING-BLOCK P.C. CARDS 
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wigto S-SERIES 


CORPORATION 


INTRODUCTION chro, frequency and digital information, and integrates the 
ship compasses, depth transducers, Fire Control Computer, 
Auto-Pilot Computer and Platform Computer. One of the 
unique features of the IRS is its flexibility to have its output 
data format changed by asimple replacement of a P.C. card. 


The concept of building-block P.C. cards was developed for 
the design of the Synchro Retransmission System (SRS) 
and the Information Retransmission System (IRS). Both 
systems include several common functional blocks. 


The Model 6322 SRS is an all solid-state system designed to BUILDING-BLOCK P.C. CARDS 
consolidate all prime synchro data transformations and dis- 
tribution. It provides power boost as well as line-to-line fre- 
quency transformation and speed ratio transformations of 
ship’s navigation and attitude synchro information. The 
system distributes the data it receives in synchro, DC or AC 
format to all other ship's systems requiring that data. Typical 


All cards contain on-line BITE (self test) which has automa- 
tic reset capabilities and thus requires no external reset. 
They also contain an indicator light for easy fault isolation 
to the card level. 


1. MODEL 3700 1x/COARSE SPEED S/D CONVERTER — 
inputs of Pitch, Roll and Heading are distributed to systems When configured for single speed POP Eenen the 3700 ac- 
such as Weapons Control, Auto-Pilot, Sonar and Remote cepts inputs such as Sagem Compass heading, Kollmorgan 
Displays. Periscope roll and pendulum pitch. The single speed con- 
figuration is generally used as a secondary back-up system 


The Model 6480 IRS is a microprocessor based information in a redundant application. 


management system. Like the SRS, it is of an all solid-state 
design. However, the IRS is a more powerful state-of-the- 2. MODEL 3701 36x/FINE SPEED S/D CONVERTER — When 


art system. In addition to the synchro data transformation high resolution synchro conversions are required, both the 
performed by the SRS, the IRS features active redundant 3700 and the 3701 cards are used. The high resolution (up to 
automatic selection of critical channels such as Pitch, Roll, 18 bits) 1 or 2 and 36 speed configuration, is typically used in 
Heading, Speed and Time. It processes and formats syn- primary heading, roll and pitch channels. 


DIAGNOSTIC COMPUTER & DISPLAY 
5480, 5489 


SELECTED 
PRIMARY TEST 2-SPEEDS/D —— PARACLEL-TO- Uh uP Sud. ICIINTERFACE HEADING WEAPONS CONTROL 
SWITCHES 


COMPASS 3700,3701 aig 5480 COMPUTER 
PRI & SEC 
HEADING 
RS422 
Fue — AUTO-PILOT 
PARALLEL-TO ae oe a SOME eTEs 
SECONDARY TEST 1-SPEEDS/D si SERIAL ————————— 
COMPASS SWITCHES 3700 5487 HEAD RATE 
PRIMARY STATUS 
RS422 
SECONDARY STATUS a. SELECTED PLATFORM 
P5480 ce il tee HEADING COMPUTER 
PRIMARY 
STATUS i rae PRIMARY AND SECONDARY STATUS 
ISOLATION 
SECONDARY brid eee 
— a4 RS422 adinablies PORTABLE BRIDGE 
uP 
r [| 5480 Gun sale ‘al CONTROL UNIT 
SELECTED 
RS422 HEADING 
P 
Ke pee. INTERFACE NUMERICAL 
5480 INDICATORS 
D/S & SPEED S/D's 
MULTIPLIER HEADING REPEATERS 
3702 
DATA 
SELECTION 
D/S & SPEED — 
MULTIPLIER HEADING REPEATERS 


3702 


FIGURE 2. TYPICAL ACTIVE-REDUNDANT HEADING CHANNEL (COMBINED FROM BUILDING-BLOCK P.C. CARDS) 
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3. MODEL 3702 LOW/MEDIUM POWER D/S CONVERTER — 
This card converts the serial data into a synchro output 
suitable for driving low or moderate power loads. The con- 
nector into which the 3702 is plugged is dedicated to a par- 
ticular speed ratio, depending on its system application. 
The associated connector is hard wired for the required 
speed ratio which may vary from approximately 0.3 to 360. 


4. MODEL 3703 LOW/MEDIUM POWER BUFFER -— The 3703 
consists of a 3-channel synchro power buffer. It also con- 
tains BITE circuits that monitor synchro voltages. A power 
output of approximately 5VA may be obtained. 


5. MODEL 3704 HIGH POWER BUFFER - The 3704 contains 
3 high power buffers and associated BITE circuits. Except 
for its increased power capability of up to approximately 
10VA AC per line and the addition of a switching circuit, it is 
almost identical to the 3703. It has been designed to drive 
an active load such as a 23TR4 Torque Receiver. 


6. MODEL 3706 DIGITAL-TO-DC MULTIPLYING CONVER- 
TER — The 3706 converts a serially transmitted 12-bit digital 
word into a DC output of desired scaling. The digital input 
may be programmed for binary (2’s complement) when un- 
ipolar output is desired, or for offset binary when bipolar 
output is required. 

7. MODEL 3707 DIGITAL-TO-AC MULTIPLYING CONVER- 
TER — The 3707 converts a serially transmitted 12-bit digital 
word to an AC output of desired scaling, just as in the 3706. 
The digital input may be programmed for unipolar or bipo- 
lar output. 


8. MODEL 3717 TURN-ON SEQUENCE CONTROL - The 
3717 ensures that the power supply current drain is not ex- 
ceeded when power is applied to the high power torque 
loads inthe system. Such a condition could occur upon sys- 


| SYNCH & 
ADDRESS 


5484 
FREQ-TO-DIGITAL 


PRESSURE 
TRANSDUCER 


4MHzuPCLK 


ADDRESS 0,1 


1 MHz DDC DATACLK 


SYNCH PULSES 18,30,31 


S-SERIES 


tem turn-on as a result of large angular errors in more than 
One torque receiver. The 3717 overrules in sequence the 
disabling of the high power buffer amplifiers for 2 seconds. 


9. MODEL 5480 MICROPROCESSOR - Operating in con- 
junction with the interface cards, the 5480 performs 2 basic 
functions: (a) receives data from a system such as the IRS, 
reprocesses the data and supplies it in the required form to 
a particular peripheral system, such as a Weapons Control 
Computer, Portable Bridge and Mark 29 Navigator; (b) re- 
ceives data from the associated peripheral system, repro- 
cesses the data and transmits it in the required form to the 
IRS type system. 


10. MODEL 5481 RS422 INTERFACE — The 5481 provides 
the interface between an RS422 output channel and a 5480 
Microprocessor Card. Under microprocessor control, the 
5481 is fully duplexed and can transmit and receive data 
simultaneously. 

11. MODEL 5482 ICI (1IMHz SERIAL DATA BUS) INTER- 
FACE — The 5482 interfaces an associated 5480 Micropro- 
cessor Card with an external ICI compatible equipment. It 
enables the 5480 to transmit and/or receive data from the 
associated peripheral system. A handshaking routine pre- 
cedes each data transfer so that data passes between the 
5482 and an external device at the receiver's rate. 


12. MODEL 5483 PROPELLER AXIS INTERFACE - The 5483 
interfaces propeller axis shaft signals with an associated 
5480 Microprocessor Card. It receives differential signals 
from a transducer on the propeller axis shaft and trans- 
forms the signal into a single ended form. The signals are 
then buffered and routed to the associated microprocessor 
card for decoding 


SERIAL DATA 


SYNCHRO, 90V, 400 Hz ’ 
1 REV = 360 METERS 


3702 
LOWER POWERD/S 


16-BIT PARALLEL BINARY 
0.549 CM = 1LSB 


FIGURE 3. SIMPLIFIED DEPTH SYSTEM (COMBINED FROM 5 BUILDING-BLOCK P.C. CARDS) 


M-29 


BOG 


ILC DATA DEVICE 
CORPORATION 


13. MODEL 5484 FREQUENCY-TO-DIGITAL CONVERTER — 
This card converts a 36 to 40KHz signal from a quartz pressure 
transducer to a digital value that is a function of depth. It also 
contains ROMs and an ALU which are used with an associated 
5480 microprocessor card. 


14. MODEL 5486 CLOCK GENERATOR - This card generat- 
es the clock and timing pulses used for system synchroniza- 
tion. In an active redundant system, the circuits are confi- 
gured such that the primary card normally supplies the vari- 
ous timing signals. If a fault is detected in the primary, the 
secondary card is automatically enabled, thus preventing a 
system failure. 


15. MODEL 5487 PARALLEL -TO- SERIAL CONVERTER — 
This card is used in conjunction with each S/D converter 
channel. It is basically a parallel-to-serial converter which ac- 
cepts 18 data bits, 4 validity bits, various select and address 
bits and converts them into a 32-bit serial data word which 
is multiplexed onto the internal serial bus. 


16. MODEL 5489 DECIMAL/HEXADECIMAL DISPLAY 
CARD — The 54839 is used in conjunction with a 5481 RS422 
Interface Card, a 5480 Microprocessor Card, a binary dis- 
play and a data entry keyboard. Integral with the 5489 is an 
8-digit decimal display and a 5-digit hexadecimal keyboard 
display. 


17. MODEL 5490 PARALLEL INPUT ISOLATION — The 5490 
provides galvanic isolation for parallel data inputs. Typical 
applications include the isolation of BCD inputs of the Echo 
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Sounder and discrete status bits of the Mark 29 and Sagem 
Compasses. 


TYPICAL ACTIVE-REDUNDANT HEADING CHANNEL 


Figure 2 depicts a system which has been assembled from 
the S-Series Building-Block P.C. cards. This typical system 
has been configured to interface with the shipboard equip- 
ment which requires heading information. The primary 
channel of this active redundant system utilizes the Model 
3700 and 3701 S/D card for a 2-speed high resolution con- 
version. The selection of primary or secondary heading is 
normally made by the shipboard Auto-Pilot Computer. 
However, in the event of a fault with the primary, the as- 
sociated 5480 and 5481 cards automatically makes the new 
selection and notifies the other microprocessor cards of 
this decision. Except for the switches, all of the above sys- 
tem can be implemented with the S-Series Building-Block 
P.C. cards. 


SIMPLIFIED DEPTH SYSTEM —A simplified depth system 
can be implemented with the use of Only 5 S-Series P.C. 
cards (Figure 3). This simplified system provides 90V, 
400Hz synchro output scaled to 1 revolution equalling 360 
meters. It also provides a 16-bit parallel binary output 
where 1 LSB is equivalent to 0.549 centimeters. The 5491 
Differential Line Driver card accepts the low level input from 
a pressure transducer. It would be located close to the 
transducer while the 5484, 5486, 5480 and 3702 cards would 
be located in a separate enclosure located in the electronics 
compartment of the boat. 


For further information and system configuration assistance utilizing the S-Series cards, contact our systems marketing group 
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SOLID-STATE POWER CONTROLLERS 


‘on’ resistance, low voltage drop, high off impedance, and low power 
dissipation. 


SSP-21116 2.0 x 3.0 x 0.33* inches The SSP-21116 Series of 270 Vde Solid- State Power Controllers are 
Series Remote Solid-State Circuit Breakers with |2t trip characteristics and status 
*0.68 including pins outputs. Using Power MOSFET switches, these Power Controllers offer low 


SSP-21110 2.740 x 1.34 x 0.29 inches The SSP-21110 Series of 28 Vde Solid- State Power Controllers are 
Series Remote Solid-State Circuit Breakers with It trip characteristics and status 
outputs. Using Power MOSFET switches, these Power Controllers offer low 


‘on’ resistance, low voltage drop, high off impedance, and low power 
dissipation. 


NOTES: Most hybrid products are available with Military Processing (Contact Factory). 
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SSP-21110 
28 VDC SOLID-STATE POWER CONTROLLERS 


DESCRIPTION 

The SSP-21110 Series of 28 Volt, dc, 
Solid-State Power Controllers (SSPCs) 
replace electromagnetic circuit breakers 
and solid-state relays rated from 2 
through 25 amperes. These SSPCs 
offer status outputs and permit external 
input logic control so that they may be 
remotely located near to the load. There 
are five models in the series, differing 
only in rated current, so that fault and 
I’T trip characteristics can be selected 
to protect wiring and loads. 

Using Power MOSFET switches, 
these Power Controllers offer low "on" 
resistance, low voltage drop, high "off" 
impedance, and low power dissipation. 
Built with Power MOSFETs and cus- 
tom monolithics and using thick-film 
hybrid technology, they offer small size, 
low power, and high reliability. 


POWER 
SUPPLIES 


BIAS SUPPLY 
INPUT 


STATUS1 


ISOLATED 
CONTROL 


STATUS2 


BIAS SUPPLY 
COMMON 


INTERNAL 


: CIRCUIT i” 


Built-In-Test (BIT) has been 
provided to monitor, in real time, the 
status of the internal circuitry as well as 
circuitry external to the SSPC. This 
BIT monitors MOSFET failure and con- 
trol circuit failure. 

The SSP-21110 Series will operate 
over the full MIL temperature range 
from -55°C to +125°C with no derating, 
see ordering information. 


APPLICATIONS 

Designed to replace circuit breakers in 
land, air, and space vehicles, these 
Solid-State Power Controllers provide 
status Outputs for light and heavy over- 
loads as well as minimum load current. 


MOSFET 
DRIVER, 


SHORT 
CIRCUIT 
CONTROL, 


STATUS 
CIRCUIT, 


AND 
LATCHES 


FEATURES: 


True | °T Protection 


Isolated Control Circuitry 


Status Outputs 


® /nstant Trip Protection 


© Low Power Dissipation 


® Solid-State Reliability 


FIGURE 1. SSP-21110 BLOCK DIAGRAM 
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Power Input To Power Ground 50 continuous 
100Volts, 50ms transient 
-0.5 to +7.0 
-100 to +100 


Control Input To Signal Ground 
Power Ground To Signal Ground 
Bias voltage -0.5 to +7.0 
Pin-to-Case -1000 to +1000 
Lead Temperature (soldering) +300 

Junction Temperature +150 


TABLE 2. RECOMMENDED OPERATING CONDITIONS 
Power Input To Power Ground +9.0 to +40.0 
Control Input To Signal Ground +4.5 to +5.5 
Power Ground To Signal Ground -40 to +40 
Bias voltage +4.5 to +5.5 


TABLE 3. SSP-21110 SPECIFICATIONS see notes 1 and 2 


PARAMETER CONDITIONS UNIT | VALUE 


ete | 
com 


Logic Type 
CoC Rae ee 
-¥.| 2010 5.5 _| 
Peres tunorvetgs | TV .aso 
| Control Input Current___| control voltage =5.0V | pA |50max | 
| Control Input Current__| control voltage = 2.4V | pA |50max | 
| Control Input Current __| control voltage = 0.8V | yA | -50min 
| Status Output Voltage | Vec=4.5Vilor=2.5mA| V_|0.4max__| 
| Status TruthTable || seetableS | | 
cca] | lata 
Max. Continuous Current See Table 4 
‘On’ Resistance | ‘On'Resistance | —“—t*éi‘“;*™*~*dSCSC*d(SS@@ Taal 
| PowerDissipation | = S—s*d|~S_—| See Table 4| 


Power Out Leakage Cur-| Power In =9 - 40V haa 
rent to Power Ground see note 2 
Max Load Capacitance Power In = 9 - 40V 
sup 


at 100Vdec 
Isolation 


jms [30min 
oe a 


Output-to Input Parasitic | Power Out Voltage > 
Diode, Continuous Power In Voltage 
1.0typ 
Power Out Voltage > 
Power In Voltage Pulse 
Width < 100pS B AONP 


Current Per Amp Of 
Rated Current 
Output-to Input Parasitic 
Diode, Pulsed 

Current Per Amp Of 
Rated Current 
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TABLE 3. SSP-21110 SPECIFICATIONS (continued\see notes 1 and 2 


PARAMETER CONDITIONS UNIT | VALUE 


POWER CIRCUIT 
Power Out Voltage > 
Power In Voltage 


(continued) 

Output-to Input Parasitic 
Diode, Forward Voltage 
at Continuous Current 


Isolation Resistance, Pin-to-Case Voltage = 
Any Pin to Case 100Vdc 


Power Ground to 
Signal Ground Volt- 
age = 50Vde 


across pins 687, 9810 Hise f026man 


Isolation Resistance, 
Power Ground to 
Signal Ground 


see figure 2 


seo figure 3 an He 


-55 to +125 
-55 to +150 


Response Time 
TEMPERATURE RANGE 


Operating (Case) 
Storage 


THERMAL RESISTANCE 
Case to Sink (@cs) "CW | 0.5 
Case to Ambient (6cA) °CM | 12 
Temperature Rise, 
Junction-to-Case Rated Load "c 10 
PHYSICAL 
CHARACTERISTICS 
Size see figure 4 
Weight 


Notes: 
1. -55°C < Case Temperature < 125°C. 
2.'A’ is Amps of Rated SSPC Current. 


= « 


Ohms)* Watts) 
sspainioo02| 2 [01 06 
|ssp2iiio007| 7 | oo =| = 16 
}ssp21i10-015| 15 | 0015 =| 35 
|ssP21110-025 | 25 _| 


* |-MAX is the maximum continuous current. 
** Specified for -55°C to +105°C; increases 0.6%/°C between +105°C and +125°C. 


Note: Other Amp ratings are available, consult factory. 
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FUNCTIONAL DESCRIPTION 


The SSP-21110 series of Solid-State Power Controllers incor- 
porate the wire protection feature of electromechanical circuit 
breakers and the reliability of solid-state relays. In addition to 
the solid-state relay’s input logic compatibility, the SSP-21110 
series provide logic compatible status outputs. 


A TTL/CMOS compatible input provides external control of the 
power switch’s "ON/OFF" state. A logic high on this control 
input tums the power to the load "on". A logic low will turn the 
power switch off, which removes power from the load. 


In the event of an overload, the SSP-21110 series will trip, just 
like a circuit breaker, and automatically remove power from the 
load. In order to turn back on, the control input must be brought 
to a logic low, and then returned to a logic high state. 


As in a circuit breaker, the SSPC’s time to trip depends on the 
current level. Slight overloads will cause longer trip times. 
Heavy overloads will cause shorter trip times. The fault ("Instant 
Trip") and I’T trip curve, Figure 2, shows the trip time as a 
function of current for a single trip or repetitive trips with at least 
10 seconds between trip and turn on. Attempts to repeatedly turn 
on into an overload will result in the thermal memory shortening 
each trip time. This "memory" protects the wire, load, and the 
Solid-State Power Controller. 


The status lines are TTL/CMOS compatible outputs which 
reflect the state of the SSPC, the load and the Built-In-Test (BIT) 
circuits. The status permits an external subsystem to monitor 
and ultimately control the SSPC. Table 5 defines the status lines’ 


10,000 


LOAD CURRENT % | - MAX 


100 
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states which indicate the various states of the SSPC. Further 
explanation of the status lines appears in the applications infor- 
mation section. 


The SSP-21110 series SSPCs are characterized by their current 
rating and maximum "on" resistance listed in Table 4. These 
parameters are established by the number of Power FETs placed 
in parallel within the SSPC. 


The trip function is implemented by two separate circuits, a true 
I’T trip comparator and a short circuit fault comparator. They 
are independent of each other but work together to protect the 
system. 


If the load current is less than 110% of rated current, the SSPC 
will never trip. If the load current is greater than 145%, the SSPC 
will always trip. 


For load currents less than 800%, the trip time can be found from 
Figure 2 by drawing a horizontal line on Figure 2 at the current 
level of interest. The SSPC will always trip at a ime between 
the two curves. This is true I°T tripping. 


When the SSPC trips in accordance with the I’T characteristics, 
the fall time is 2001s, maximum. 


For load currents greater than 1200%, the SSPC will turn off in 
less than 25us. Between 800% and 1200%, the SSPC will turn 
off ina time less than the "max. trip limit" shown in Figure 2 and 
may turn off in less than 25u1s. When the SSPC turns off under 
these fault conditions, the fall time is less than 25s. 


While the SSPC will always turn off in less than 25y1s when the 
load current is greater than 1200%, the actual current may ’spike’ 


110% 


"NEVER TRIP” 


100 


TIME - SECONDS 


FIGURE 2. TRIP CHARACTERISTICS 
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to a value higher than 1200% due to circuit delays. The 
MOSFETs inherently self-limit the maximum current, depend- 
ing on the number of MOSFETs and their rating. 


During turn-on and turn-off the rise and fall time of the output 
voltage is controlled to be less than 200us. This value is a 
compromise between faster response time with a greater amount 
of RFI and EMI generated, and slower response time with less 
RFI and EMI but greater power dissipated in the SSPC during 
transitions. Since the Power MOSFET switches are not saturated 
during transitions the switching power dissipation is much 
greater than the static dissipation, and longer transitions result in 
a larger temperature rise. If the SSPC is rapidly turned on and 
off, the high average dissipation could result in a significant 
temperature rise in the SSPC. For this reason do not turn the 
SSPC off and on more rapidly than 30 msec, This will limit the 
maximum temperature of the switches to a safe level. 


The SSP-21110 has been designed to dervive its internal power 
requirements from the bias supply input (5 Vdc). 


SSP-21110 


APPLICATIONS INFORMATION 


Selection 

The selection of a proper sized SSPC is essential for protection 
of the wire and load. This selection should be based on the steady 
state and transient overload currents. 


The shape of the trip curve (IT) is selected as optimum to protect 
the system wiring. The power dissipated in the wire is the wire 
resistance times the load current squared, and the temperature of 
the wire is determined by the length of time that this power is 
being dissipated. This makes the wire temperature proportional 
to the current squared times the on time. Since the trip curve 
follows this same characteristic the SSPC can accurately predict 
the wire temperature rise as a result of overloads and remove 
load current before the wiring is damaged from overtemperature. 
Of course, the wire I’T product should be greater than the SSPC 
’T product for the SSPC to protect the wire. 


Precautions 

When a short circuit causes turn off of the SSPC, precautions 
have to be taken to limit the transient voltages generated by the 
wire inductance. The magnitude of this voltage is L*di/dt where 
"L" is the wire inductance in Henries and "di/dt" is the rate of 
change of output current. If the SSPC turns off in 10 psec from 


CONTROL INPUT 
LOAD CURRENT | | 
STATUS 1 | | 


STATUS 2 


od 
T1 T2 


TIME 


DESCRIPTION 

URN-ON DELAY 
URRENT RISE TIME 
URN-OFF DELAY 
CURRENT FALL TIME 

T6-T9 
TRIP TIME AFTER TURN-ON 
CURRENT FALL TIME AFTER TRIP 
CURRENT FALL TIME AFTER TRIP 


TATUS 1 & STATUS 2 TURN-ON DELAY 
TATUS 1 & STATUS 2 RISE AND FALL TIM 


STATUS 1 & STATUS 2 TURN-OFF DELAY 


T11-113| TRIP TURN-OFF STATUS 1 DELAY 


~ SOLID-STATE POWER CONTROLLER TIMING at 28Vdc. __ 


} 
| 


: nm 

| 1/8 
Cc 
e 
od 


SEE FIG. 2 


a ee 


TRIP POINT 


NOTES 


LOAD CURRENT < 800% 
LOAD CURRENT > 1200% 


' 
| 
| 
i 
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FIGURE 3. SOLID-STATE POWER CONTROLLER TIMING 
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a 250 amp overload (1000% for 25 amp unit) with a wire 
inductance of only 10 L1H it would generate a spike of 125 volts. 
This exceeds the voltage rating of the MOSFETs. In order to 
provide protection from these transients, transient voltage sup- 
pressors should be used between the SSPC Neutral and the 
Power In and between the SSPC Neutral and Power Out ter- 
minals. The rating of the transient voltage suppressors should 
be selected so that at the maximum expected short circuit current, 
the transient voltage suppressor voltage drop would not exceed 
the SSPC voltage rating, and the power to be dissipated can be 
safely absorbed without transient suppressor failure. 


While circuit inductance can cause high voltage transients 
during turn off, lack of circuit inductance can cause current 
transients prior to turn off. If the output of the SSPC is shorted 
and there is no circuit inductance, the current from the source 
can rise instantaneously to a high value. The SSPC will limit the 
current to about 100 times its rating (10,000%). Circuit induc- 
tance will limit the rate of rise of this current. The SSPC can 
take 25p1s to tum off. The current will always overshoot the 
1200% maximum level of the SSPC due to this 25s delay. If 
the current rises slowly due to circuit inductance, the overshoot 
will be negligible; if the current rises quickly, the overshoot will 
be more significant. In any case, the current spike will be less 
than 25s. 


In most real applications, there will always be significant circuit 
inductance. The problem to guard against is voltage transients, 
not current transients. 


When testing individual SSPCs, be careful to simulate actual 
system conditions. 


Power-On Reset 

When power is first applied, the SSPC will be off regardless of 
the CONTROL CMD input. If the CONTROL CMD input is a 
logic low, the SSPC will turn on by bringing the CONTROL 
CMD to a logic high. If the CONTROL CMD input is at a logic 
high when power is applied, the SSPC may be turned on by 
cycling the CONTROL CMD input to a logic low and then to a 
logic high. The system controller can be programmed to do this 
cycling of the CONTROL CMD input. Subsequent loss of the 
bias supply power causes the SSPC to turn off. Re-application 
of the bias supply power again causes a power-on reset. Loss of 
power to the POWER IN terminals does not tum off the SSPC 
and re-application of this power does not cause a power-on reset. 


Status Codes 

This section contains a fuller explanation of the conditions and 
meaning of the status codes shown in Table 5. Each paragraph 
number corresponds to the STATE in Table 5. 


The first four conditions show the control input has commanded 
the SSPC to be off. 


1) The SSPC has failed or shorted to ground. STATUS 1 indi- 
cates the load is drawing current but the SSPC should be off. 


2) The SSPC has failed. STATUS 1 indicates the load is drawing 


current, STATUS 2 indicates the Power MOSFET switch is 
on; the SSPC should be off. 
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3) Normal off condition. STATUS 1 indicates the load is not 
drawing current; STATUS 2 indicates the Power MOSFET 
switch is off. 


4) The SSPC has failed or STATUS 2 has shorted to the bias 
supply. STATUS 1 indicates the load is not drawing current; 
STATUS 2 indicates the Power MOSFET is on ; the SSPC 
should be off. 


The next four conditions show the control input has commanded 
the SSPC to be on. 


5) The SSPC has failed or there is a short to ground on the 
STATUS 2 output. STATUS 1 indicates the load is drawing 
current but STATUS 2 indicates the Power MOSFET switch 
is Off. 


6) Normal on condition. STATUS 1 indicates the load is drawing 
currentand STATUS 2 indicates the Power MOSFET switch is on. 


7) Tripped condition. STATUS 1 indicates the load is not draw- 
ing current and STATUS 2 indicates the Power MOSFET 
switch if off. The SSPC can be turned back on by cycling the 
input control to a logic low and then back to a logic high. If 
the excessive load has not been removed, the SSPC will trip again. 


8) No loadcurrent. STATUS 1 indicates the load is not drawing 
current; STATUS 2 indicates the Power MOSFET switch is 
on. 


TABLE 5 


STATE} INPUT | OUTPUT | OUTPUT |POWER CONTROLLER 
CONTROL! STATUS 1 | STATUS 2} AND LOAD STATUS 
see note 2) | (seenote 3 
nr a -e 
os. 
al 
SSPC failure: 


Load ‘off’ showing nor- 
mal ‘off’ condition. 
SSPC failure or 
STATUS 2 shorted to 
bias supply. 

SSPC failure or short to 
ground on STATUS 2 
line. 


Load ‘off’: showing ‘trip’ 
see note 1). 

Normal power out with 

load < 5% of rated 

SSPC current. 


5 hey trip condition per Figure 2. 

STATUS 1 indicates a logic low when the load is > 15% of rated SSPC 
current. 

3) STATUS 2 indicates a logic hign when the Power MOSFET switch is on. 
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Loads 

The SSP-21110 series can be used with any type of load: any 
combination of inductive, resistive, and capacitive. In addition, 
they can be used with dc motors and lamps. 


Inductive loads require protecting the SSPC against voltage 
transients. See the section on Precautions above. 


Capacitive loads require comparing the load in-rush current to 
the trip curve of Figure 2. The in-rush current must be below the 
minimum trip curve to avoid tripping on the in-rush current. 


Capacitive loads can present a discharge problem. The SSPCs 
use Power MOSFETs as the switching element. The MOSFETs 
contain a parasitic diode which will be forward biased if the 
SSPC power output terminal is more positive than the power 
input terminal. If the 28Vdc source is turned off while a charge 
is held on the capacitive load, this diode will turn on and 
discharge the load through the generator. The SSPC can carry a 
reverse current equal to its forward current rating; however, the 
dissipation with reverse current is up to seven times the forward 
current dissipation for the same current. The user must ensure 
that the maximum case temperature is not exceeded. 


Incandescent lamps must be treated like capacitive loads for 
in-rush current. Since they do not store charge, they do not 
present a discharge problem. 


DC motors also must be treated like capacitive loads for in-rush 
current. If they continue rotating when power is removed, reverse 
current is a possibility due to back EMF. Voltage transients must 
also be considered when using dc motors as loads on SSPCs. 


Heatsinking 

The SSP-21110 series are designed so that the junction tempera- 
ture can never exceed its maximum rating if the case temperature 
is held to 125°C or less. Heatsinking is recommended to keep 
the case temperature to 125°C when operating at high ambient 
temperatures. The SSPCs may be operated at room temperature 
without a heat sink. The maximum ambient temperature, Ta, for 
operation without a heat sink is 125 - Pa x @ca (where Py is the 
power dissipation from Table 4 and 8ca is the thermal resistance 
from case-to-ambient from Table 3). 


The same expression is used for finding the maximum ambient 
temperature with a heat sink except 9ca is now the sum of the 
thermal resistance from case-to-sink and from sink-to-ambient. 


No Offset Voltage 
The Power MOSFET used in the DDC SSPCs have no inherent 
voltage offset. The voltage drop across the Power MOSFET is 
solely dependant on the current flowing through the device and 
its "ON" resistance. 


Bipolar transistors, on the other hand, have an inherent dc offset 
voltage to which is added a voltage drop proportional to the 
devices’ "ON" resistance and the current flowing through it. It 
is this inherent offset voltage that is missing from the power 
MOSFET. The Power MOSFET in many applications, leads to 
a lower voltage drop and power dissipation as an SSPC switch. 
In addition the Power MOSFETs driver logic requirements are 
much simplier, especially when multiple MOSFETs are used, as 
in the SSPC product. 
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No Secondary Breakdown, and Paralleling SSPCs 

A bipolar transistor has a set of current-voltage limits that form 
an envelope that cannot be exceeded; this is known as the safe 
operating area of the device. If this envelope is exceeded local 
hot spots will occur. These hot spots conduct currents more 
readily then adjacent cool areas and tend to become hotter. This 
thermal runaway leads to the ultimate destruction of the device; 
called secondary breakdown. 


The Power MOSFETs have the opposite characteristics from that 
of thermal runaway in bipolar devices. A local hot-spot will steer 
current away from itself as its resistance in this area goes up. This 
results in even current sharing throughout the entire device, 
thereby eliminating hot-spots. The inherent advantage of not 
having secondary breakdown is that the entire MOSFET has to 
exceed its temperature limitations before damage results. This 
characteristic makes the Power MOSFET more rugged when 
used for power switching then bipolar devices. 


Due to the current sharing aspects of the power MOSFET, they 
can be placed in parallel and share the load equally. DDC, has a 
standard 28 Vdc 80 AMP power module which uses this techni- 
que. 


Isolation of Control and Status 

The SSPC was designed with isolation between the load power 
and the five volt control logic input and the status outputs. This 
is necessary tO prevent noise caused by transients or power 
spikes on the power line from adversely affecting the operation 
of the SSPC. Therefore the case, POWER IN, and Control 
Circuit are all electrically isolated. Figure 1, SSPC BLOCK 
DIAGRAM, shows this isolation as the "ISOLATED CON- 
TROL CIRCUIT"; also notice the separation of the power 
(neutral) ground and signal (bias supply common) ground. 


The electrical isolation is supported by an internal power oscil- 
lator that electrically isolates separate internal power supplies 
that will power the internal analog and digital monolithics. This 
isolation prevents load or logic ground loops from affecting the 
proper operation of the SSPC. The isolation also insures that a 
fault of the switch (MOSFET) could never propagate back into 
the SSPC logic or cause damage to the logic side. 
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OPTIONS 
The following characteristics can be factory modified on special 
orders: 


¢ IT TRIP CURVE: K-factor adjustments 


¢ OUTPUT RISE AND FALL TIMES : 
Turn-Off and Turn-On time can be factory modified. 
(e.g., Capacitive loads.) 


¢ CURRENT RANGE 
¢ POWER-ON RESET: Other options are available. 


¢ INPUT CONTROL: 
TTL or CMOS or Both with Hysteresis (Schmitt trigger 
characteristics) 


¢ CUSTOM PACKAGING 
¢ OPTIONAL STATUS TRUTH TABLE (See Table 6.) 


SSPC failure, or Status 1 and Status 2 
shorted to ground, or No Bias 

| HIGH | HIGH | LOW |Loadis ‘OFF, Tripped 

Load is ‘ON’, Load < 5.0% Rated Current 

Status 1 indicates a logic LOW if > 15% of the rated current is flowing. 

Status 2 indicates a logic LOW if the SSPC is tripped due to overcurrent. 
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GOOG Ss P-21 1 1 0 


CORPORATION 


DIMENSIONS ARE IN INCHES (mm) 2.280 
0.470 ale) 
(11.938) 


| FRONT VIEW 


2.740 
(69.596) 


2.525 
(64.135) 


1.550 0.330 MAX 
(39.370) (8.382) 
0.040 +0.002 DIA PIN 0.065 le 
(5 REQ’D) (1601) 0.240 + 0.010 (TYP) 
(1.016 + 0.051) 7 —— "(6.096 + 0.254) 


1.340 
(34.036) 


L_ 0.270 


(6.858) 0.117+0.004 - 0.003 
we PIN NUMBERS DIA (4 HOLES) SIDE VIEW 
(2.845) FOR REF ONLY (2.972 + 0.102 - 0.076) 
6.080) CONTRASTING 0.068 s feces PIN 
COLORED BEAD (1.575 +0.051) 
0.400 TO DENOTE PIN 1 


(10.160) 
BOTTOM VIEW 


FIGURE 4. MECHANICAL OUTLINE 


| TABLE 7. PINOUTS | 
FUNCTION FUNCTION 


CONTROL COMMAND POWER IN 


a 


STATUS 1 POWER IN 
STATUS 2 NEUTRAL 
BIAS SUPPLY COMMON POWER OUT 


BIAS SUPPLY INPUT POWER OUT 


ORDERING INFORMATION 


SSP-21110- XX as 
Reliability grade: 


883B = 883B processing 
B= Screened to 883B but 
without QCI testing . 
Blank = Standard DDC procedures. 


X X - Current in Amps. 


Temperature Range: 

0 = -55 to +125°C 
Other temperature ranges are available, consult factory. 
Consult factory for other current ranges. 
Cc 
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DESCRIPTION 
The SSP-21116 Series of 270 Volt, dc, 
Solid-State Power Controllers (SSPCs) 
replace electromagnetic circuit breakers 
and solid-state relays rated from 5 
through 15 amperes. These SSPCs 
offer status outputs and permit external 
input logic control so that they may be 
remotely located near to the load. There 
are five models in the series, differing 
only in rated current, so that fault and 
I’T trip characteristics can be selected 
to protect wiring and loads. 

Using Power MOSFET switches, 
these Power Controllers offer low "on" 
resistance, low voltage drop, high "off" 
impedance, and low power dissipation. 
Built with Power MOSFETs and cus- 
tom monolithics and using thick-film 
hybrid technology, they offer small size, 
low power, and high reliability. 


POWER 


BIAS SUPPLY 
INPUT 


STATUS1 


STATUS2 


CONTROL CMO 


BIAS SUPPLY 
COMMON 


INTERNAL 


SUPPLIES 


ISOLATED 
CONTROL 


7 CIRCUIT -_ 


Built-In-Test (BIT) has been 
provided to monitor, in real time, the 
Status of the internal circuitry as well as 
Circuitry external to the SSPC. This 
BIT monitors MOSFET failure and con- 
trol circuit failure. 

The SSP-21116 Series will operate 
over the full MIL temperature range 
from -55°C to +125°C with no derating, 
see ordering information. 


APPLICATIONS 

Designed to replace circuit breakers in 
land, air, and space vehicles, these 
Solid-State Power Controllers provide 
Status Outputs for light and heavy over- 
loads as well as minimum load current. 


VCC2 


AND 


MOSFET 
DRIVER, 


LEAKAGE 
CLAMP, 


SHORT 
CIRCUIT 
CONTROL, 


STATUS 
CIRCUIT, 


LATCHES 
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FEATURES: 


© True !°T Protection 

® /solated Control Circuitry 
® Status Outputs 

® Instant Trip Protection 

© Leakage Clamp 

© Low Power Dissipation 


® Solid-State Reliability 


FIGURE 1. SSP-21116 BLOCK DIAGRAM 


LOAD 
NEUTRAL 


270 VDC SOLID-STATE POWER CONTROLLERS 


POWER 
OUT 
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Power Input To Power Ground 450 continuous 
500Volts, 50ms transient 
-0.5 to +7.0 
-1000 to +1000 


Control Input To Signal Ground 


Power Ground To Signal Ground 
Bias voltage -0.5 to +7.0 
Pin-to-Case -1000 to +1000 
Lead Temperature (soldering) +300 

Junction Temperature +150 


TABLE 2. RECOMMENDED OPERATING CONDITIONS 
Power Input To Power Ground +60.0 to +300.0 
Control Input To Signal Ground +4.5 to +5.5 
Power Ground To Signal Ground -300 to +300 
Bias voltage +4.5 to +5.5 


TABLE 3. SSP-21116 SPECIFICATIONS see notes 1 and 2 
CONTROL CIRCUIT 
Logic Type 


eo eee tee 
contol Tum-Gn Volage [20m SE 
| Control Turn-Off Voltage | | CV 0.5 100.8 
| Control Input Current___| control voltage = 5.0V_| yA | 50max__ 
| Control Input Current___| control voltage = 2.4V | yA | 50max__ 
| Control input Current ___| control voltage = 0.8V | pA | -50min 
| Status Output Voltage | Voc=4.5V,lo.=2.5mA | V_ | 0.4max | 
[Stet Ontpaveage Veo. 8 Ion 1 OMAN 24min 


| Status Truth Table Truth Table see T sgeetabes. | 5 


ee | Iams 
Max. Continuous Current See Table 4 
‘On’ | ‘On’ Resistance _—| Ps Se Table 4 
| PowerDissipation | = =——'|_—_—i| See Table 4 


Power Out Leakage Cur- | Power In = 60 - 300V 
mAV/A 
rent to Power Ground see note 2 


Power Out Voltage with | Power In = 60 - 300V en 
Switch OFF No Load 


Max Load oo Power In = 60 - 300V 
Signal to Neutral Ground at 100Vde oF | 1000typ 
are 


| Output Capacitance _ | _—seenote2__—| pF/A | 300yp 
ag 


Unlimited Unlimited _| 
Output-to Input Parasitic | Power Out Voltage > 


Diode, Continuous 
Current Per Amp Of 
Rated Current 
Output-to Input Parasitic 
Diode, Pulsed 

Current Per Amp Of 
Rated Current 


Power In Voltage 


ca 


Power Out Voltage > 
Power In Voltage Pulse 
Width s 100uS 


Power Out Voltage > 
Power In Voltage 


SSP-21116 
(continued) 
Any Pin to Case 100Vde 


TABLE 3. SSP-21116 SPECIFICATIONS (continuedy see notes 1 and 2 
Output-to Input Parasitic 
Isolation Resistance, Power Ground to ee 


PARAMETER CONDITIONS UNIT} VALUE 
Diode, Forward Voltage 
Power Ground to Signal Ground Volt- 


POWER CIRCUIT 
at Continuous Current 
Signal Ground age = 500Vdc 


—votage Drop ——__-sross pin 687, 9810 1 vee | so note &_ 
see figure 2 

Response Time ee oy ey eee Gee ee 
TEMPERATURE RANGE 

Operating (Case) -§5 to +125 


Storage -55 to +150 
THERMAL RESISTANCE 
Case to Sink (6cs) 
Case to Ambient (8cA) 
Temperature Rise, 
Junction-to-Case 
PHYSICAL 
CHARACTERISTICS 
Size 
Weight 


Rated Load 10 


me | 
Notes: 


1. -55°C < Case Temperature < 125°C. 
2. 'A’is Amps of Rated SSPC Current. 
3. For 2A, 5A, and 10A units the value is 1V max; for 15A unit the value is 1.5V max. 


JABLE 4 
Amps Ohms) Watts)** 
|ssp2iii6-002| 2 | o46c0 | 20 
-Ssreitie-os | _s | __o1eo__| 4a 
|ssp2i1i6-010/ 10 | 0085 | 87 
fssp2ii16015| 15 | 0085 =| = 193 


* |-MAX is the maximum continuous currcnt 
** Specified for -55°C to +105°C; increases 0.6%/C between +105°C and +125°C. 


Note: Other Amp ratings are available, consult factory. 


FUNCTIONAL DESCRIPTION 


The SSP-21116 series of Solid-State Power Controllers incor- 
porate the wire protection feature of electromechanical circuit 
breakers and the reliability of solid-state relays. In addition to 
the solid-state relay’s input logic compatibility, the SSP-21116 
series provide logic compatible status outputs. 


A TTL/CMOS compauble input provides external control of the 
power switch’s "ON/OFF" state. A logic high on this control 
input tums the power to the load "on". A logic low will turn the 
power switch off, which removes power from the load. 


In the event of an overload, the SSP-21116 series will trip, just N 
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like a circuit breaker, and automatically remove power from the 
load. In order to turn back on, the control input must be brought 
to a logic low, and then returned to a logic high state. 


As in a circuit breaker, the SSPC’s time to trip depends on the 
current level. Slight overloads will cause longer trip times. 
Heavy overloads will cause shorter trip times. The fault ("Instant 
Trip") and I’T trip curve, Figure 2, shows the trip time as a 
function of current for a single trip or repetitive trips with at least 
10 seconds between trip and turn on. Attempts to repeatedly turn 
on into an overload will result in the thermal memory shortening 
each trip time. This "memory" protects the wire, load, and the 
Solid-State Power Controller. 


The status lines are TTL/CMOS compatible outputs which 
reflect the state of the SSPC, the load and the Built-In-Test (BIT) 
circuits. The status permits an external subsystem to monitor 
and ultimately control the SSPC. Table 5 defines the status lines’ 
States which indicate the various states of the SSPC. Further 
explanation of the status lines appears in the applications infor- 
mation section. 


The SSP-21116 series SSPCs are characterized by their current 
rating and maximum "on" resistance listed in Table 4. These 
parameters are established by the number of Power FETs placed 
in parallel within the SSPC. 


The trip function is implemented by two separate circuits, a true 
I’T trip comparator and a short circuit fault comparator. They 
are independent of each other but work together to protect the 
system. 


If the load current is less than 110% of rated current, the SSPC 


10,000 


"INSTANT 
TRIP" 


LOAD CURRENT % | - MAX 


100 


5ys 25us «0.01 0.1 
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will never trip. If the load current is greater than 145%, the SSPC 
will always trip. 


For load currents less than 800%, the trip time can be found from 
Figure 2 by drawing a horizontal line on Figure 2 at the current 
level of interest. The SSPC will always trip at a time between 
the two curves. This is true I’T tripping. 


When the SSPC trips in accordance with the I’T characteristics, 
the fall ime is 200p1s, maximum. 


For load currents greater than 1200%, the SSPC will turn off in 
less than 25s. Between 800% and 1200%, the SSPC will turn 
off in a time less than the "max. trip limit" shown in Figure 2 and 
may turn off in less than 25s. When the SSPC turns off under 
these fault conditions, the fall time is less than 25s. 


While the SSPC will always turn off in less than 251s when the 
load current is greater than 1200%, the actual current may ’spike’ 
to a value higher than 1200% due to circuit delays. The 
MOSFETs inherently self-limit the maximum current, depend- 
ing on the number of MOSFETs and their rating. 


During turn-on and turn-off the rise and fall time of the output 
voltage is controlled to be less than 200us. This value is a 
compromise between faster response time with a greater amount 
of RFI and EMI generated, and slower response time with less 
RFI and EMI but greater power dissipated in the SSPC during 
transitions. Since the Power MOSFET switches are not saturated 
during transitions the switching power dissipation is much 
greater than the static dissipation, and longer transitions result in 
a larger temperature rise. If the SSPC is rapidly turned on and 
off, the high average dissipation could result in a significant 


"NEVER TRIP" 


1.0 10 100 


TIME - SECONDS 
FIGURE 2. TRIP CHARACTERISTICS 
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temperature rise in the SSPC. For this reason do not turn the 
SSPC off and on more rapidly than 30 msec. This will limit the 
maximum temperature of the switches to a safe level. 


The SSP-21116 has been designed to dervive its internal power 
requirements from the bias supply input (5 Vdc). 


APPLICATIONS INFORMATION 


Selection 

The selection of a proper sized SSPC is essential for protection 
of the wire and load. This selection should be based on the steady 
state and transient overload currents. 


The shape of the trip curve (I°T) is selected as optimum to protect 
the system wiring. The power dissipated in the wire is the wire 
resistance times the load current squared, and the temperature of 
the wire is determined by the length of time that this power is 
being dissipated. This makes the wire temperature proportional 
to the current squared times the on time. Since the trip curve 
follows this same characteristic the SSPC can accurately predict 
the wire temperature rise as a result of overloads and remove 
load current before the wiring is damaged from overtemperature. 
Of course, the wire I’T product should be greater than the SSPC 
PT product for the SSPC to protect the wire. 


SSP-21116 


Precautions 

When a short circuit causes turn off of the SSPC, precautions 
have to be taken to limit the transient voltages generated by the 
wire inductance. The magnitude of this voltage is L*di/dt where 
"L" is the wire inductance in Henries and "di/dt" is the rate of 
change of output current. If the SSPC turns off in 10 psec from 
a 150 amp overload (1000% for 15 amp unit) with a wire 
inductance of only 33 1H it would generate a spike of 500 volts. 
This exceeds the voltage rating of the MOSFETs. In order to 
provide protection from these transients, transient voltage sup- 
pressors should be used between the SSPC Neutral and the 
Power In and between the SSPC Neutral and Power Out ter- 
minals. The rating of the transient voltage suppressors should 
be selected so that at the maximum expected short circuit current, 
the transient voltage suppressor voltage drop would not exceed 
the SSPC voltage rating, and the power to be dissipated can be 
safely absorbed without transient suppressor failure. 


While circuit inductance can cause high voltage transients 
during turn off, lack of circuit inductance can cause current 
transients prior to turn off. If the output of the SSPC is shorted 
and there is no circuit inductance, the current from the source 
Can rise instantaneously to a high value. The SSPC will limit the 
current to about 30 times its rating (3,000%). Circuit inductance 
will limit the rate of rise of this current. The SSPC can take 25ps 
to tum off. The current will always overshoot the 1200% max- 


CONTROL INPUT 


LOAD CURRENT | | 


STATUS 1 


| 
| | 
STATUS 2 | | | . | | | Jf | \ | | : 
| | 
| 
| 
| 


a eee 


TRIP POINT 


T1 T2 T3 T4 TS T6 7 Ts 19 T10 TH T12 T13 
| SOLID-STATE POWER CONTROLLER TIMING at 270Vde. 
| Tie | DESCRIPTION, | MAXIMUMJUNIT] NOTES 
| 11-12 |TURN-ONDELAY | 50 us | 
| T2-T3 |CURRENTRISETIME | 00st ws | 
| T1-T4_| STATUS 1&STATUS2TURN-ONDELAY | 75 | ms | 
| 14-15 |STATUS1&STATUS2RISEANDFALLTIME | 20 | ns | 
| 6-17 [TURN-OFFDELAY | 180 ts | 
| 17-78 [CURRENTFALLTIME | 00st ws | 
| T6-To | STATUS1&STATUS2TURN-OFF DELAY | 5.0 | ms | 
[Ti0-TH1|TRIPTIMEAFTERTURN-ON ss CSSEEFIG.2} s | 
[Ti1-T12| CURRENTFALLTIMEAFTERTRIP | 200| ws | LOAD CURRENT <800% _ 
[T11-Ti2|CURRENTFALLTIMEAFTERTRIP | 25 | ws | LOAD CURRENT > 1200% _ 
[111-113 TRIP TURN-OFF STATUS 1 DELAY | 5.0 ms PO 


FIGURE 3. SOLID-STATE POWER CONTROLLER TIMING 
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imum level of the SSPC due to this 25s delay. If the current 
rises slowly due to circuit inductance, the overshoot will be 
negligible; if the current rises quickly, the overshoot will be more 
significant. In any case, the current spike will be less than 25ps. 


In most real applications, there will always be significant circuit 
inductance. The problem to guard against is voltage transients, 
not current transients. 


When testing individual SSPCs, be careful to simulate actual 
system conditions. 


Power-On Reset 

When power is first applied, the SSPC will be off regardless of 
the CONTROL CMD input. If the CONTROL CMD input is a 
logic low, the SSPC will turn on by bringing the CONTROL 
CMD to a logic high. If the CONTROL CMD input is at a logic 
high when power is applied, the SSPC may be turned on by 
cycling the CONTROL CMD input to a logic low and then to a 
logic high. The system controller can be programmed to do this 
cycling of the CONTROL CMD input. Subsequent loss of the 
bias supply power causes the SSPC to turn off. Re-application 
of the bias supply power again causes a power-on reset. Loss of 
power to the POWER IN terminals does not turn off the SSPC 
and re-application of this power does not cause a power-on reset. 


Status Codes 

This section contains a fuller explanation of the conditions and 
meaning of the status codes shown in Table 5. Each paragraph 
number corresponds to the STATE in Table 5. 


The first four conditions show the control input has commanded 
the SSPC to be off. 


1) The SSPC has failed or shorted to ground. STATUS 1 indi- 
cates the load is drawing current but the SSPC should be off. 


2) The SSPC has failed. STATUS 1 indicates the load is drawing 
current; STATUS 2 indicates the Power MOSFET switch is 
on; the SSPC should be off. 


3) Normal off condition. STATUS 1 indicates the load is not 
drawing current; STATUS 2 indicates the Power MOSFET 
switch is off. 


4) The SSPC has failed or STATUS 2 has shorted to the bias 
supply. STATUS 1 indicates the load is not drawing current; 
STATUS 2 indicates the Power MOSFET is on ; the SSPC 
should be off. 


The next four conditions show the control input has commanded 
the SSPC to be on. 


5) The SSPC has failed or there is a short to ground on the 
STATUS 2 output. STATUS 1 indicates the load is drawing 
current but STATUS 2 indicates the Power MOSFET switch 
is off. 


6) Normal on condition. STATUS 1 indicates the load is drawing 
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current and STATUS 2 indicates the Power MOSFET switch 
is ON. 

7) Tripped condition. STATUS 1 indicates the load is not draw- 
ing current and STATUS 2 indicates the Power MOSFET 
switch if off. The SSPC can be turned back on by cycling the 
input control to a logic low and then back to a logic high. If 
the excessive load has not been removed, the SSPC will trip again. 


8) No load current. STATUS 1 indicates the load is not drawing 
current; STATUS 2 indicates the Power MOSFET switch is on. 


TABLE 5 
STATE; INPUT | OUTPUT | OUTPUT |POWER CONTROLLER 
CONTROL} STATUS1 | STATUS 2} AND LOAD STATUS 
see note 2) | (seenote 3 
a BE aol 
around. 
Po 
—— failure. 
a ee 
mal ‘off’ condition. 
SSPC failure or 
STATUS 2 shorted to 
bias supply. 
SSPC failure or short to 
ground on STATUS 2 
line. 
Peo freee 
mal’ on Sete Lae 
see riéta 1). 
Normal power out with 
H H H load < 5% of rated 
SSPC current. 


NOTES: 
1) Any trip condition per Figure 2. 
2) STATUS 1 indicates a logic low when the load is > 15% of rated SSPC 
current. 
3) STATUS 2 indicates a logic high when the Power MOSFET switch is on. 


Loads 

The SSP-21116 series can be used with any type of load: any 
combination of inductive, resistive, and capacitive. In addition, 
they can be used with dc motors and lamps. 


Inductive loads require protecting the SSPC against voltage 
transients. See the section on Precautions above. 


Capacitive loads require comparing the load in-rush current to 
the trip curve of Figure 2. The in-rush current must be below the 
minimum trip curve to avoid tripping on the in-rush current. 


Capacitive loads can present a discharge problem. The SSPCs 
use Power MOSFETs as the switching element. The MOSFETs 
contain a parasitic diode which will be forward biased if the 
SSPC power output terminal is more positive than the power 
input terminal. If the 270Vdc source is turned off while a charge 
is held on the capacitive load, this diode will turn on and 
discharge the load through the generator. The SSPC can carry a 
reverse Current equal to its forward current rating; however, the 
dissipation with reverse current is up to four times the forward 
Current dissipation for the same current. The user must ensure 
that the maximum case temperature is not exceeded. 
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Incandescent lamps must be treated like capacitive loads for 
in-rush current. Since they do not store charge, they do not 
present a discharge problem. 


DC motors also must be treated like capacitive loads for in-rush 
current. If they continue rotating when power is removed, reverse 
current is a possibility due to back EMF. Voltage transients must 
also be considered when using dc motors as loads on SSPCs. 


Heatsinking 

The SSP-21116 series are designed so that the junction tempera- 
ture can never exceed its maximum rating if the case temperature 
is held to 125°C or less. Heatsinking is recommended to keep 
the case temperature to 125°C when operating at high ambient 
temperatures. The SSPCs may be operated at room temperature 
without a heat sink. The maximum ambient temperature, Ta, for 
operation without a heat sink is 125 - Py x @ca (where Py is the 
power dissipation from Table 4 and @ca is the thermal resistance 
from case-to-ambient from Table 3). 


The same expression is used for finding the maximum ambient 
temperature with a heat sink except 9ca is now the sum of the 
thermal resistance from case-to-sink and from sink-to-ambient. 


No Offset Voltage 

The Power MOSFET used in the DDC SSPCs have no inherent 
voltage offset. The voltage drop across the Power MOSFET is 
solely dependant on the current flowing through the device and 
its "ON" resistance. 


Bipolar transistors, on the other hand, have an inherent dc offset 
voltage to which is added a voltage drop proportional to the 
devices’ "ON" resistance and the current flowing through it. It 
is this inherent offset voltage that is missing from the power 
MOSFET. The Power MOSFET in many applications, leads to 
a lower voltage drop and power dissipation as an SSPC switch. 
In addition the Power MOSFETs driver logic requirements are 
much simplier, especially when multiple MOSFETs are used, as 
in the SSPC product. 

No Secondary Breakdown, and Paralleling SSPCs 

A bipolar transistor has a set of current-voltage limits that form 
an envelope that cannot be exceeded; this is known as the safe 
operating area of the device. If this envelope is exceeded local 
hot spots will occur. These hot spots conduct currents more 
readily then adjacent cool areas and tend to become hotter. This 
thermal runaway leads to the ultimate destruction of the device; 
called secondary breakdown. 


The Power MOSFETs have the opposite characteristics from that 
of thermal runaway in bipolar devices. A local hot-spot will steer 
current away from itself as its resistance in this area goes up. This 
results in even current sharing throughout the entire device, 
thereby eliminating hot-spots. The inherent advantage of not 
having secondary breakdown is that the entire MOSFET has to 
exceed its temperature limitations before damage results. This 
characteristic makes the Power MOSFET more rugged when 
used for power switching then bipolar devices. 

Due to the current sharing aspects of the power MOSFET, they 
can be placed in parallel and share the load equally. DDC, has a 
standard 28 Vdc 80 AMP power module which uses this techni- 
que. 


SSP-21116 


Isolation of Control and Status 

The SSPC was designed with isolation between the load power 
and the five volt control logic input and the status outputs. This 
is necessary tO prevent noise caused by transients or power 
spikes on the power line from adversely affecting the operation 
of the SSPC. Therefore the case, POWER IN, and Control 
Circuit are all electrically isolated. Figure 1, SSPC BLOCK 
DIAGRAM, shows this isolation as the "ISOLATED CON- 
TROL CIRCUIT"; also notice the separation of the power 
(neutral) ground and signal (bias supply common) ground. 

The electrical isolation is supported by an internal power oscil- 
lator that electrically isolates separate internal power supplies 
that will power the internal analog and digital monolithics. This 
isolation prevents load or logic ground loops from affecting the 
proper operation of the SSPC. The isolation also insures that a 
fault of the switch (MOSFET) could never propagate back into 
the SSPC logic or cause damage to the logic side. 


OPTIONS 
The following characteristics can be factory modified on special 
orders: 


« PT TRIP CURVE: K-factor adjustments 


¢ OUTPUT RISE AND FALL TIMES : 
Turn-Off and Turn-On time can be factory modified. 
(e.g., Capacitive loads.) 


¢ CURRENT RANGE 
¢ POWER-ON RESET: Other options are available. 
¢ LEAKAGE CLAMP: can be deleted 


¢ INPUT CONTROL: 
TTL or CMOS or Both with Hysteresis (Schmitt trigger 
characteristics) 


¢ CUSTOM PACKAGING 
DIP, Flatpack, or Smaller 2-5 Amp package. 


¢ OPTIONAL STATUS TRUTH TABLE (See Table 6.) 


TABLE 6. OPTIONAL STATUS TRUTH TABLE 


CONTROL 
SSPC failure, or Status 1 and Status 2 
shorted to ground, or No Bias 


HIGH HIGH __ |Load is ‘OFF’, Normal Condition 
HIGH SSPC failure or Status 2 shorted to ground 
HIGH HIGH _ |Loadis ‘ON’, Normal Condition 


| HIGH | HIGH | LOW _ |Loadis ‘OFF’, Tripped 


HIGH HIGH HIGH __|Loadis ‘ON’, Load < 5.0% Rated Current 


Status 1 indicates a logic LOW if > 15% of the rated current is flowing. 
Status 2 indicates a logic LOW if the SSPC is tripped due to overcurrent. 
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DIMENSIONS ARE IN INCHES (mm) 2.280 
bar (57.912) 
(11.938) 


| FRONT VIEW 
2.740 
(69.596) 


2.525 
(64.135) 


(39.370) A828) 
0.040 +0.002 DIA PIN 0.065 -- 
0.108 (5 REQ’D) (1.651) 0.240 + 0.010 (TYP) 
(2.667) (1.016 + 0.051) -——— (6.096 + 0.254) 


1.340 a tee 
(34.036) 0.800 


1.025 (20.320) 9.600 


(26.035) | (19.25) 


0.270 


(6.858) 0.117 + 0.004 - 0.003 


0.112 DIA (4 HOLES) SIDE VIEW 
(2.972 + 0.102 - 0.076) 


(2.845) 
0.200 0.062 + 0.002 DIA PIN 
CONTRASTING (6 REQD) 


PIN NUMBERS 
FOR REF ONLY 


(5.080) = COLORED BEAD 
arn TO DENOTE PIN 1 nie aan 
Note: See Table 7 for Pinouts. BOTTOM VIEW 


FIGURE 4. MECHANICAL OUTLINE FOR OPTIONAL 2-5 AMP PACKAGING 


0.330 MAX 
(8.382) 
0.125 DIA 0.065 * 
(4 HOLES) (1.651) 
(3.175) 


7EQSP@ 
0.300 = 2.100 
(7.620 = 5.334) _ 2 54 
t (64.516) 
0.040 + 0.002 
0.300 TYP 16 REQD 
(7.620) (1.016 + 0.0508) 


DIMENSIONS ARE IN INCHES (mm) 


0.23 
(5.842) 


+ 0.030 = PEMOFED 0.240 + 0.010 
6.096 + 0.254 
“e con fee) BY CONTRASTING ( 
0.26 COLORED BEAD 
(6.604) 
Note: See Table 8 for Pinouts. BOTTOM VIEW SIDE VIEW 


FIGURE 5. MECHANICAL OUTLINE FOR OPTIONAL 7-15 AMP DIP PACKAGING 
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2.000 
(50.8) 


1.400 200154 
(35.56 + 0.381) 


0.300 +0.015 
(7.62 + 0.381) 


0.125 
(3.175) 


0.125 DIA. (4 HOLES) 
(3.175) 


0.040 + 0.002 (16 PLACES) 
/ (1.016 + 0.051) 


0.450 


PIN 1 DENOTED BY oe 
CONTRASTING 
COLORED BEAD AND 
ORIENTATION MARK 7EQ. SPCS @ 
2.995 0.300 = 2.100 
(76.073) TOL. NONCUM) 
(7.620 = 53.340) 


|= - 0.300 TYP 
0.125 1.750 (7.620) 
(3.175) c “ (44.450) 


TOP VIEW 


0.86 + 0.01 TYP 
(21.82 + 0.25) 
0.050 
(1.270) | | 


0.33 MAX 
0.125 TYP (8.382) 
(3.175) 


SIDE VIEW 


FIGURE 6. MECHANICAL OUTLINE FOR STANDARD SSP-21116 PACKAGE 


ORDERING INFORMATION 
SSP-21116- XXX - X 


TABLE 7. PINOUTS FOR FIGURE 4. 
[| FUNCTION | PIN|_ FUNCTION _| 
CONTROL COMMAND POWER IN 
STATUS 1 POWER IN 
STATUS 2 NEUTRAL 
BIAS SUPPLY COMMON POWER OUT 
BIAS SUPPLY INPUT POWER OUT 


FOR FIGURES 5 AND 6. 

| FUNCTION | PIN| FUNCTION | 
POWER IN 
POWER IN 
POWER IN 
BIAS SUPPLY COMMON 
BIAS SUPPLY INPUT 
STATUS 1 
STATUS 2 
CONTROL CMD 


ee grade: 
883B = 883B processing 
B= Screened to 883B but 
without QCI testing . 
Blank = Standard DDC procedures. 


X X - Current in Amps. 


Temperature Range: 

0 = -55 to +125°C 
Other temperature ranges are available, consult factory. 
Consult factory for other current ranges. 


POWER OUT 
POWER OUT 
POWER OUT 
NEUTRAL 

NC 
NC 
NC 
NC 
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APPLICATION NOTES 


The following Application Notes are available. 
Send your request on company letterhead to: 


ILC Data Device Corporation 
105 Wilbur Place 
Bohemla, N.Y. 11716 
Attention: Literature Department 


MIL-STD-1553 DATA BUS: 


Order 

Number Title 

AN/B-1 Designing a Remote Terminal to Talk with a MIL-STD-1553 Network. 
AN/B-2 Manchester Coding Data Bus. 

AN/B-3 MIL-STD-1553 B: Military Standard for Avionics Integration. 

AN/B-5 MIL-STD-1553 Bus Monitor. 

AN/B-6 Hybrid Trio Takes Charge of the Bus-to-CPU Interface in Military Avionics Gear. 
AN/B-7 Avoiding Pitfalls in MIL-STD-1553 Transceivers. 

AN/B-8 A Standard Local Network for Industrial Use. 

AN/B-10 Monolithic/Superhybrids Support 1553 Interfaces. 

AN/B-11 Low Cost Implementation of the SAE-AE9 RTU Production Test Plan. 
AN/B-12 Test Whether a Noise Source is Gaussian. 

AN/B-13 Hybrid modules help you implement a 15538 interface. 

AN/B-14 Processor Interfaces To 1553 Buses. 

AN/B-15 Steamline Your MIL-STD-1553 Design By Eliiminating The CPU. 
AN/B-16 A Systems Approach To MIL-STD-1553 Terminal Design. 

AN/B-17 8088 Microprocessor To BUS-61553 Interface. 

AN/B-18 A MIL-STD-1553B NOTICE 2 Solution For Bulk Data Transfers. 
AN/B-19 Upgrading from the BUS-61553 AIM-HY to the BUS-61559 AIM-HYer. 
AN/B-20 Multi-Protocol RT with Shared RAM Interface and Memory Management. 
AN/B-21 Stanag 3910 NATO Standard for 20MHz Fiber Bus. 

LINEAR DATA CONVERTERS: 

Order 

Number Title 

AN/L-3 Getting the Best from A-D Converters. 

AN/L-7 Optimizing D/A Converter Performance. 

AN/L-8 High Resolution A/D Works Better with Track-Hold. 

AN/L-10 Mend Flash-Converter Flaws with a Track/Hold Cure. 

AN/L-11 Watch for Superposition Errors in Data Converter Applications. 

AN/L-12 A/D Simulation Programs Predicts Signal-to-Noise Ratio. 

AN/L-13 Deglitched DACs Improve Vector-Stroke Displays. 

AN/L-14 Fast Fourier Transform Speed Signal to Noise Analysis for A/D Converters. 
AN/L-15 2-Step Conversion Increases ADC Speed. 

AN/L-17 Design do’s and don'ts polish 16-bit D/A performance. 

AN/L-18 Histograms Simplify A/D Converter Testing. 

AN/L-19 Spreadsheet Helps You Evaluate System Noise. 

AN/L-20 Analog/Digital Dynamic Testing Of High-Speed A/D. 

AN/L-21 Noise Power Ratio Characterizes A/D Performance For Communications. 
AN/L-22 Reconstruct with the ADC-00300-605 Evaluation Board. 


(continued on next page) 
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-continued 
SYNCHRO CONVERTERS: 
Order 
Number Title 
AN/S-4 Consider Basic Parameters When Choosing S/D Converters. 
AN/S-8 Shaft Position Encoders for Industrial Applications. 
AN/S-12 Choosing the Right Encoder Simplifies Motor Control. 
AN/S-14 A Reliable, Low Cost Approach to Shaft Position Control. 
AN/S-16 Let a Modern R/D Converter Simplify Your Design Effort! 
AN/S-18 Testing Of S/D Converters. 
SYSTEM PRODUCTS: 
Order 
Number Title 
AN/SP-1 Solid-state Retransmission System for Ship’s Navigation: Flexibility, Availability, 
and Maintainability 
HYBRID PROCESSING: 
Order 
Number Title 
AN/QC-2 Certification Requirements for Hybrid Microcircuit Facilities. 
AN/QC-5 Application and Use of Acceleration Factors in Microelectronics Testing. 
AN/QC-6 Volume Resistivity Techniques for I-A Process Evaluation of Conductive Epoxies. 
AN/QC-7 Recovering Precious Metal from Scrap Generated by 
the Hybrid Manufacturing Process. 
AN/QC-8 Understanding Quality Conformance Inspection of Hybrid Microcircuits. 
AN/QC-9 Effective Hybrid Process Controls on Assembly Operations. 
POWER HYBRIDS: 
Order 
Number Title 
AN/H-1 Hybrids Take on Power. 
AN/H-2 Custom Power Hybrids. 


SOLID-STATE POWER CONTROLLERS : 


Order 
Number 


AN/P-1 


Title 


Hybrid Solid-State Power Controller Outperforms Conventional Circuit Breakers. 


NOTES 


NOTES 
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